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Research from multiple fields and methodologies has aligned in recent years to support 
the development of biological models of mechanisms underlying effects of mindfulness 
practices in adults. Mindfulness-based programs for young children have proliferated in 
recent years but research examining the effects of these programs and practices is less 
conclusive, generally showing small mixed effects. Questions about age of initiation and 
the format, dosage and emphasis of programs represent a significant challenge that will 
require integrated multidisciplinary collaboration. The current study demonstrates the 
feasibility, sensitivity and reliability of electroencephalographic (EEG) measures of 
attention, and salivary measures of stress, in measuring biological changes associated 
with mindfulness practices in children aged five to seven years. Widely used and reliable 
behavioral measures showed no significant differences between groups whereas EEG 
measures showed significant group differences in event-related potentials associated with 
different attention networks elicited by the Attention Network Task for Children (ANT-
C). The multiple salivary measures of stress showed mixed differences in slope by 
measure and group, some of which were predicted and align with previous literature, 
albeit not reaching statistical significance. Together, results demonstrate the value of 
utilizing multiple biological measures, particularly functional brain imaging, as a means 
to gain insights into the effects of mindfulness-based practices in young children. 
Additional data and more rigorous study designs are needed to directly associate 
observed differences with specific mindfulness programs and practices, but data suggest 
mindfulness practices enhance attentional and executive control which in turn could 
support enhanced regulation of the stress response system. Mindfulness based 
interventions and programs in early development have the potential to protect and 
enhance the development of critical biological systems that support academic 
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Chapter I  
INTRODUCTION  
 
The interactions between stress and attention are constant, dynamic and essential for 
human survival (Korte, Koolhaas, Wingfield, & McEwen, 2005; Bijlsma & Loeschcke, 2013). 
Attention is a primary neurobiological mechanism that filters the abundance of information 
perceived by sensory systems and directs a manageable amount of relevant information for 
additional cognitive processing, engaging additional systems beyond the central nervous system 
as needed. When a challenge or threat is perceived, attentional systems are modulated as part of 
an adaptive stress response engaging systems throughout the central and peripheral nervous 
systems (McEwen, 2007). Human and animal studies have shown that the stress response and 
activation of the peripheral nervous system (PNS) are mediated by brain structures involved in 
attention and self-regulation – for example, the prefrontal cortex (PFC), which modulates 
activation of the amygdala and the hippocampus, which in turn regulates the hypothalamic-
pituitary-adrenal (HPA) axis (López, Akil, & Watson, 1999). Individuals are genetically 
endowed with varying degrees of sensitivity, reactivity, and top down control of stress, in part 
based on the calibration of the system in early childhood in response to environmental and social 
contexts (Boyce & Ellis, 2005). Chronic exposure to stress during childhood has been shown to 
be associated with developmental differences that, without intervention, will negatively affect 
children’s school performance and health outcomes (e.g., Franceschini, Gori, Ruffino, Pedrolli, 
& Facoetti, 2012; Hackman, 2012; Hackman, Gallop, Evans, & Farah, 2015; Noble, Norman, & 
Farah, 2005). Exposure to stress and aversive life events during the first years of life, when the 
brain is rapidly developing, results in volumetric differences as well as reduced structural and 
functional connectivity between brain structures including the PFC, amygdala and hippocampus 
(Barch, Pagliaccio, Belden, Harms, Gaffrey, Sylvester, et al., 2016; Noble, Houston, Kan & 
Sowell, 2012; Butterworth, Cherbuin, Sachdev & Anstey, 2011). It is thought that the slower 
maturation of the amygdala and frontal lobes, required for attention and cognitive control, could 
be an important factor in early susceptibility to developmental maladaptation to stress (Lupien, 
McEwen, Gunnar & Heim, 2009). Cognitive functions subserved by these (and other) brain 
regions, including attention, executive function and emotion regulation, are considered to be 
vitally important for school success (Blair, 2002; Janus & Duku, 2007). Encouragingly, these 
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brain structures, along with their associated cognitive functions, are increasingly understood to 
be responsive to high-quality targeted intervention in early childhood (Noble, 2005; Diamond & 
Lee, 2011). With increased understanding of sensitive periods in development and interactions 
between the central and peripheral nervous systems, researchers and practitioners in a variety of 
fields are developing comprehensive early intervention programs aimed at preventing or 
buffering early stress exposure. These programs are variously aimed at improving nutrition, 
parent child interactions, mental health and the environment of the home and neighborhood – all 
factors known to be associated with poverty and developmental challenges (e.g., Brooks-Gunn & 
Duncan, 1997; Raver, Jones, Li-Grining, Zhai, Bub & Pressler, 2011).  
Schools have long been a primary mechanism for improving outcomes for children living 
in poverty, but research shows that school quality is correlated with neighborhood income, 
possibly compounding rather than remediating income-based differences in developmental and 
educational outcomes (Alexander & Entwisle, 1988). For over a generation there have been 
efforts to close educational achievement gaps between socioeconomic and racial groups in the 
United States. Some limited progress has been made, but achievement gaps continue to grow, 
overall (Lee, 2002; Reardon, 2011). There has been considerable debate among education and 
economics researchers concerning the role of various family factors like parental education and 
income, as well as school factors like funding and teacher quality (e.g., Haveman & Wolfe, 
1995; Borg, Borg & Stranahan, 2012). Converging research from multiple fields supports a 
broader ecological view of child development, incorporating family, neighborhood and school 
factors, along with increased understanding of development from a biological perspective, into a 
comprehensive, integrated bioecological framework for the development of prevention and 
intervention programs (Bronfenbrenner, 2005; Shonkoff, 2010). Through neuroimaging and the 
use of other biological measures of development, researchers are better able to quantify the 
development of different cognitive systems, to identify relationships between development and 
behavior, and to understand the specific biological effects of interventions (e.g., Noble, 
Tottenham & Casey 2005). This represents a subtle but important shift in the nature of research 
on early development, from a narrower search for the most important factors that drive 
developmental differences, to more complex modeling of interacting factors that, when 
combined, provide a more holistic understanding of the symbiotic and multi-dimensional 
connections between biology and behavior. 
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The powerful, sustained effects of high-quality comprehensive early childhood programs 
like the Perry Preschool and Abecedarian Projects support a broad, balanced approach to achieve 
maximal gains (Schweinhart, Barnes, Weikart, Barnett & Epstein, 1993; Schweinhart, Montie, 
Xiang, Barnett, Belfield & Nores, 2005; Campbell, Ramey, Pungello, Sparling, & Miller-
Johnson, 2002). Head Start, launched in 1965 as part of President Lyndon Johnson’s “War on 
Poverty”, provides comprehensive, culturally responsive early childhood development services 
for low income families and has served over 32 million children since its inception (Zigler & 
Valentine, 1979; Teutsch, 2016). While Head Start was founded within a comprehensive child 
development approach, its scope and approach are constantly evolving based on research 
examining the effects of new programs and strategies that aim to close gaps in early reading and 
math (e.g., Brooks-Gunn, 2003; Duncan & Sojourner, 2013). A common approach to enhance 
the effects of Head Start trains parents in various domains that promote early language and math 
skills, social-emotional skills and parent-child communication (Castro, Bryant, Peisner-Feinberg, 
& Skinner, 2004). While all published Head Start enhancements showed positive effects above 
and beyond Head Start alone, programs that included building emotional awareness and 
regulation for children and parents had the largest effects in multiple domains (Bierman, 
Domitrovich, Nix, Gest, Welsh, et al., 2008; Kaminski, Valle, Filene & Boyle, 2008). The 
passage of the No Child Left Behind Act (S. 6301, 2001) introduced a new emphasis and placed 
pressure on schools to enhance student performance on traditional academic measures of 
language and math, at the expense of time spent on teaching in other domains such as social 
emotional skills. The Every Student Succeeds Act (S. 1177, 2015), signed into law in 2015, 
rebalanced and broadened the definition of student success to include measures of social 
emotional learning and health. This had the effect of establishing a basis for specifying 
assessable developmental outcomes and curricular standards, and the scope of programs was 
accordingly expanded to include neighborhood-based initiatives (Executive Office of the 
President, 2015). There are many programs and approaches for social emotional learning, 
including popular programs like Second Step, RULER and Tools of the Mind, that have been 
implemented in thousands of schools and have been shown to be effective (Holsen, Iversen & 
Smith, 2009; Brackett, Rivers, Reyes & Salovey, 2012; Barnett, et al., 2008). While there is 
growing recognition of the importance of emotional and self regulation in development, there is 
 
4 
a new approach in the field that targets many of the same learning outcomes but utilizes very 
different strategies. 
1.2 Introduction to Mindfulness 
Mindfulness-based activities and curricula for young children have proliferated in recent 
years, in efforts to integrate attention training, self-regulation and stress management skills as an 
alternative or in addition to traditional social-emotional learning (SEL) programs. Compared to 
traditional SEL classroom programs, that have been the focus of decades of empirical research, 
mindfulness programs have a much shorter history, and there are unique challenges involved in 
conducting rigorous empirical research into mindfulness-based approaches. For example, the 
evaluation of mindfulness-based practices in schools is complicated by their co-occurrence with 
traditional SEL programs. This has led to demand for developmentally appropriate interventions 
that integrate SEL and mindfulness-based attention training and stress reduction practices into so 
called mindfulness-based social emotional learning programs (MBSEL), and to a corresponding 
need for effective evaluation of the outcomes of such programs (Frank, Jennings, & Greenberg, 
2013).  
Most studies to date have shown positive effects of school-based mindfulness programs 
for students, teachers or both, but the effects are mixed, generally small, and the underlying 
mechanisms that produce these outcomes are largely inferred, either from previous research on 
adults (e.g., Eberth & Sedlmeier, 2012) or from correlations based on observation or self-report 
(e.g., Zelazo & Lyons, 2011; Zoogman, Goldberg, Hoyt & Miller, 2014). As a result many 
questions are still open, including effects of age of initiation, the format and focus of the 
programs, the dosage and degree of participation, and the influence of interacting factors such as 
socioeconomic status, educational access, and environmental stressors. Research into 
mindfulness and meditative practices generally utilizes behavioral observation and/or self-report 
using one or more neuropsychological instruments to evaluate the effects of mindfulness 
programs and practices. Several instruments have been developed to measure mindfulness by 
self-report including the Freiberg Mindfulness Inventory (FMI: Walach, Buchheld, Buttenmüller, 
Kleinknecht & Schmidt, 2006), the Mindfulness and Attention Awareness Scale (MAAS: Brown 
& Ryan, 2003), the Toronto Mindfulness Scale (Lau, Bishop, Segal, Buis, Anderson et al., 2006) 
and the Kentucky Inventory of Mindfulness Scale (KIMS: Baer, Smith, & Allen, 2004). These 
instruments were designed to provide a measure of the degree of mindfulness engaged in by an 
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individual, but they do not provide a clear picture of how mindfulness relates to attention, stress, 
executive function, or emotional regulation (Walach, Buchheld, Buttenmüller, Kleinknecht, & 
Schmidt, 2006). Studies of the effects of mindfulness programs for adults and for youth offer 
promising results, but interpretation and generalizability of findings are extremely limited due to 
the pervasive lack of methodological rigor discussed in many individual papers and reviews of 
the literature (e.g. Burke, 2010; Zoogman, Goldberg, Hoyt, & Miller, 2014). Acknowledged 
limitations of these studies include intervention studies lacking control groups, use of 
instruments with low sensitivity or possible bias, and inappropriate inferences from adults to 
children or between different forms of mindfulness practice. The rest of this introductory chapter 
provides a descriptive overview of programs for adults and children that were designed to 
improve attention, executive functions, emotional regulation and the body’s stress response. The 
following chapter focuses on behavioral and physiological research into these programs and 
practices. 
 Mindfulness is commonly defined as “paying attention in a particular way: on purpose, in 
the present moment and non-judgmentally” (Kabat-Zinn, 1994, p. 2). The publication of Thich 
Nhat Hahn’s “Miracle of Mindfulness: A Manual of Meditation” is often credited with 
popularizing mindfulness practices in America (Nhat Hahn, 1975; Poulin, Mackenzie, Soloway, 
& Karayolas, 2008). There is considerable debate around the definition of mindfulness practices, 
given varied cultural interpretations and applications in a growing number of religious and 
secular contexts. Mindfulness generally includes, but is not limited to, a formal or informal focus 
on body sensations, breathing, thoughts, emotions, movement (such as yoga), and actions in a 
framework of nonjudgmental, intentional awareness (e.g., Bishop, Lau, Shapiro, Carlson, et al., 
2004). The practices and behaviors that fall under the present day umbrella of “mindfulness” 
have been widely practiced in cultures and religions around the world for thousands of years, but 
they were not widely utilized or studied as cognitive clinical interventions in the United States 
until the 1970s, when Dr. John Kabat-Zinn founded the Stress Reduction Clinic at the University 
of Massachusetts School of Medicine (Wilson, 2014). Kabat-Zinn translated, adapted and 
secularized practices into a scientific framework and curriculum called Mindfulness-Based Stress 





“The clinic was set up to serve as a kind of safety net in the hospital to catch people who 
were falling through those cracks and challenge them to do something for themselves as a 
complement to whatever their doctors and their health care team were doing for them” 
(Kabat-Zinn, 1990, p. xxvii).  
There are now over 720 known mindfulness-based stress reduction programs in hospitals, and an 
extensive body of research from multiple fields (including psychology, medicine and others) 
shows positive effects associated with clinical, institutional and community implementations of 
MBSR. Improvements in focused attention and stress reduction in healthy adults are the most 
commonly observed and reported effects of MBSR (Bhanoo, 2011; Eberth & Sedlmeier, 2012), 
but given the program’s roots as a clinical intervention in hospitals, a majority of the peer-
reviewed literature to date focuses on clinical applications of MBSR related to mental health 
conditions like anxiety and depression (e.g., Niazi & Niazi, 2011; Hofmann, Sawyer, Witt, & 
Oh, 2010), cancer treatment (e.g., Ledesma & Kumano, 2009), chronic pain (e.g., Veehof, 
Oskam, Schreurs & Bohlmeijer, 2011), heart disease and related conditions (e.g., Grossman, 
Niemann, Schmidt, & Walach, 2004).  
1.2.1  Mindfulness-Based Programs for Adults.  
 There has been extensive research looking at the effects of mindfulness-based programs for 
individuals working in stressful human service professions (e.g. healthcare workers, fire fighters, 
soldiers, social workers, and educators) with high turnover and burnout rates (e.g., Irving, 
Dobkin, & Park, 2009; Roeser, Skinner, Beers, & Jennings, 2012; Stanley & Jha, 2009; Smith, 
Ortiz, Steffen, Tooley, Wiggins, et al., 2011). Irving (2009) concluded that adaptations of MBSR 
for healthcare professionals, including nurses, doctors, social workers and mental health 
professionals, have produced positive effects on the physical and mental health of program 
participants, but additional research is needed to determine how the programs affect patient care. 
Home visit programs have been shown to be an effective method for delivering health and 
education services and for supporting children and families, but the effectiveness of these 
programs depends on the quality of the relationships between providers and the families they 
serve (Duggan et al., 2013). A study by Becker, Patterson, Fagan and Whitaker (2016) examined 
the relationship between home visitor mindfulness measured by the Cognitive and Affective 
Mindfulness Scale-Revised (CAMS-R) and the strength of working relationships with families 
measured by the Working Alliance Inventory. They found that, for the 307 home visitors in the 
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study, higher mindfulness scores on the CAMS-R correlated with a stronger working alliance 
with parents. Data from this study were all self-report measures, and this kind of research would 
be greatly strengthened by using longitudinal randomized experimental designs; nevertheless, 
these findings suggest that mindfulness training for home visit professionals may be a low-cost 
mechanism to improve outcomes for family outreach programs.   
 Evaluations of mindfulness-based programs for teachers and educators have shown 
encouraging results including demonstrating improvements to teachers’ perception of the school 
environment and interactions with students and colleagues. One of the most widely used and 
studied programs for teachers is the CARE (Cultivating Awareness Resilience Education) for 
Teachers Program, developed by the Garrison Institute in 2007 (Jennings, Snowberg, Coccia, & 
Greenberg, 2012). A study by Jennings (2014) found that early childhood teachers who reported 
higher levels of mindfulness and self-compassion were observed and measured by the Classroom 
Assessment Scoring System (CLASS) to have more emotionally supportive classrooms (Pianta, 
Karen, Paro, & Hamre, 2008). Conversely, lower levels of mindfulness and higher levels of 
depression were correlated with lower emotional support, poor classroom organization, and 
lower levels of instructional support. The study utilized a relatively small sample of 35 teachers 
and was based on correlations between teacher self-reports of various psychosocial 
characteristics. Despite these limitations, however, the findings indicate that teacher social 
emotional competence and mindfulness play an important role in the quality of early childhood 
classroom environments and relationships. The authors suggest that these psychosocial factors 
may also relate to teacher burnout, and should be considered as targets for interventions aimed at 
improving classroom quality and retaining teachers. The CARE program is growing nationally in 
public and private schools and the US Department of Education recently awarded Penn State a 
$3.5 million dollar grant to implement large scale efficacy trials for elementary school teachers 
participating in CARE programs in New York City (Jennings, Snowberg, Coccia & Greenberg, 
2012). 
 Overall, the research into programs for teachers and healthcare professionals shows 
promising results, but additional research using rigorous methodologies and more precise 
objective measures is needed to better understand the effects of mindfulness programs, especially 
as such programs continue to diversify in number, variety, and approach. As the core research 
into the effects of mindfulness programs in these professions has grown in volume and rigor, 
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researchers have started new lines of research examining the secondary and tertiary effects of 
mindfulness programs on workplace environments, as well as on the patients or students with 
whom these professionals interact on a daily basis. This work is in its infancy, however, and 
needs to develop beyond self-report or observations of behavior to the implementation of more 
rigorous measures that more precisely evaluate program effects (Irving, 2009; Singh, Lancioni, 
Winton, Karazsia, & Singh, 2013). Some of this research will change, particularly in education, 
as mindfulness based programs are increasingly understood and designed to benefit teachers, 
students and families. 
1.2.2  Mindfulness Programs for Children. 
 The following section reviews a selection of the most widely utilized mindfulness 
programs in schools. The programs generally utilize similar practices and concepts adapted from 
MBSR and other cognitive behavioral programs for adults, adapted to be developmentally 
appropriate for children (Zelazo & Lyons, 2011). For example, many programs utilize focused 
breathing and other sensory awareness practices to build attention skills. To varying degrees, 
mindfulness programs also teach emotional regulation through different practices that encourage 
children to notice their emotional state and the emotions of others. Some programs also teach 
awareness of the body through yoga practices and other movement-based activities. While there 
is considerable overlap between programs in their core content, there are tremendous differences 
in curricular design, implementation strategies, dosage of various practices, intended outcomes, 
and methods of assessment (Garrison Institute, 2005; Meiklejohn, 2012; Zoogman, Goldberg, 
Hoyt, & Miller, 2014).  
 1.2.2.1  Specific School-Based Mindfulness Programs. Mindful Schools created and 
implemented a mindfulness curriculum for schools in Oakland, CA that has become one of the 
most popular and widespread mindfulness programs in the world, now in over 60 countries and 
reaching over 300,000 students (Biegel & Brown, 2010). Mindful Schools collects ongoing data 
about program satisfaction and outcomes with participating schools, finding high levels of 
satisfaction with their fundamentals training for teachers, with 98% recommending the training 
to other teachers, and 85% reporting improved job satisfaction and greater connections with 
students. Teachers also reported improvements in student focus (94%), emotional regulation 
(96%), and compassion (86%). Over half (57%) reported improved grades, but this outcome 
measure is descriptive rather than quantitative. In partnership with the University of California 
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and Kinder Associates, Mindful Schools conducted a large-scale randomized controlled 
evaluation of their curriculum in three public schools in Oakland, CA, encompassing over 900 
students and 47 teachers. The goal of the study was not only to look at the effects of their 
mindfulness program using measures that went beyond general satisfaction and teacher reports 
but also to examine sustainability of the program with teachers. To this end, the study included a 
group of teachers who received additional “booster” training beyond the basic mindfulness 
fundamentals course that was undertaken by all teacher participants. Outcome measures included 
teacher reports of child behaviors including measures of attention and mindfulness, teachers’ 
self-reports on measures of well-being, classroom management and program implementation, 
and measures completed by subgroups of participating students, including the Attention Network 
Test for Children (Fan, McCandliss, Sommer, Raz, Posner, 2002) and the Child Acceptance & 
Mindfulness Measure (Greco, Dew, & Baer, 2006). Teacher reports of student behavior using 
behavioral rubrics and assessments found significant improvements in student abilities to pay 
attention, show care for others, and care for themselves. Teacher reports of students’ calming and 
self-control abilities did not show significant change, a finding attributed by the study team to the 
more internal nature of these behaviors, which makes them difficult for teachers to evaluate. 
Analysis of teacher report data across all children found significant gender differences, with boys 
performing .25 standard deviations below average across the intervention and control groups. 
This gender difference constitutes a central concern for many teachers with respect to classroom 
management; but it is also a consistent finding in many school-based interventions, and 
represents a significant challenge for program and curriculum design. Measures of teacher 
wellbeing and mindfulness found significant improvements for teachers that received the training 
and practiced with students in the classroom, but other teachers with lower exposure showed less 
robust effects. This was interpreted as an indication that teachers need more in-depth 
mindfulness training and practice to see improvements like those associated with more intensive 
teacher-focused programs, such as the previously mentioned CARE for Teachers program 
(Biegel & Brown, 2010). 
  MindUp is another popular and widespread curriculum developed by the Hawn 
Foundation in 2005, now reaching over 400,000 students around the world (Schonert-Reichl, 
Oberle, Lawlor, Abbott, Thomson, et al., 2015). MindUp was one of the first mindfulness 
programs adapted for K-12, aligned to SEL competencies established by the Collaborative for 
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Academic Social and Emotional Intelligence. The intention was to integrate the MindUp 
curriculum with Common Core and other state and national standards and guidelines. MindUp 
also pioneered the inclusion of age-appropriate lessons for children about the ability of their 
brains to change and grow; these lessons are in part based on the work of Dweck and Legett 
(1998) in which students learn to notice changes in their abilities with practice and work as they 
develop which can result in a more optimistic and persistent approach to school work and 
improvements in performance. This is operationalized in various practices and experiences in the 
curriculum, most often in reflective discussion and journaling when children notice a change in 
their behavior or abilities and teachers support discussion of how, for example, noticing a 
distraction and refocusing attention might relate to development of the frontal lobes which 
supports self-regulation. A pilot study conducted by the Hawn Foundation (2011) evaluated the 
effects of the MindUp curriculum on elementary school children. Participants showed 
improvements in executive functions as measured by the Behavioral Rating Inventory of 
Executive Function (BRIEF), including inhibition (54% of participants showed improvement), 
emotional control (33% improved), and planning and organization (73% improved). Students 
reported improved well-being, agreeing that the MindUp program helped them relax (78%) and 
feel happy (66%). Students also reported improved pro-social behaviors including peer 
acceptance (56%) and empathy (64%); and 90% of students agreed that “MindUp helped kids get 
along better.”  
 A study by Schonert-Reichl, Oberle, and Lawlor (2015) randomly assigned 100 fourth and 
fifth grade children into the MindUp program or a control “business as usual” social 
responsibility curriculum, using a battery of executive function measures to evaluate outcomes, 
including a behavioral attention flanker task (Diamond, Barnett, Thomas, & Munro, 2007 – 
described in detail in Chapter 2), student self-report measures (mindfulness, empathy, emotional 
control, depressive symptoms, perspective taking, social responsibility), peer reports of pro-
social behavior and acceptance, math grades reported from the schools, and three samples of 
salivary cortisol taken throughout the days before and after the interventions. Teachers in each of 
the intervention classrooms reported measures of curricular coverage and frequency of activities 
to monitor implementation fidelity. Both MindUp and the social responsibility control condition 
reportedly covered all lessons, and teachers in the MindUp classrooms reported completing 80-
95% of the weekly mindfulness activities that are recommended to occur three times daily. Post 
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intervention, the MindUp group showed significant differences from the control group on the 
flanker task indicating gains in directing attention and inhibition of incongruent distractor 
stimuli. Self and peer report measures showed 15-25% gains compared to controls and a 15% 
improvement on the academic achievement measure of math grades. The saliva measurements of 
cortisol are less conclusive and possibly mixed regarding the effects of the interventions. 
Differences between groups were not significant; and post-intervention the MindUp group’s 
morning cortisol levels actually increased and the control group’s slope of diurnal cortisol 
decline flattened compared to before the intervention. The researchers appropriately caution 
against interpreting much from these changes given the lack of understanding of diurnal cortisol 
patterns throughout the day in elementary school children, much less over an academic school 
year or in response to intervention. Despite the unclear cortisol findings, the study is the most 
rigorous investigation to date into the effects of a mindfulness program. Further, it provides 
evidence of an additive effect of mindfulness practices in SEL programs with an average effect 
size of .55, a substantial gain over the average effect size of SEL programs alone, as reported in a 
meta-analysis of SEL programming in 213 schools and over 270,000 students (Durlak, 
Weissberg, Dymnicki, Taylor, & Schellinger, 2011).  
 Inner Explorer is another national program, operating in over 153 schools and serving over 
14,000 students as of 2016. A challenge for implementing high-quality school-based mindfulness 
programs is teacher buy-in, training and personal practice to a degree that makes them effective 
teachers (Biegel & Brown, 2010). Inner Explorer was created in part to respond to this challenge 
with technology-facilitated, mostly recorded audio lessons, as the basis for students and teachers 
to engage in consistent, integrated high-quality mindfulness-based social emotional learning 
(MBSEL) without intensive teacher professional development (Bakosh, 2013). Upon completion 
of the daily 10-minute audio-guided exercise, students journal for approximately two minutes 
about their experience. Inner Explorer remains one of the only school-based mindfulness 
programs that has demonstrated improvements in academic outcomes in randomized controlled 
trial studies, with 18-28% improvements in core domains of reading, math and science as well as 
overall GPA increases of 7-15%. Further, they found a dosage effect with daily curriculum use 
for 8 weeks improving scores by 7%, 10 weeks improving scores by 10.4%, and 27 weeks 
improving scores by 15.4% (Bakosh, Snow, Tobias, Houlihan & Barbosa-Leiker, 2015). 
Teachers using the Inner Explorer curriculum reported on the being 43% less stressed (on the 
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Perceived Stress Scale (Cohen, Kamarck, & Mermelstein, 1983), and scored 46% higher on the 
Mindful Awareness Attention Scale (Carlson & Brown, 2005). 
 A majority of mindfulness programs for school-aged children are designed around the 
classroom, but some programs, like those of the Holistic Life Foundation of Baltimore, MD, 
have had great success in after-school programs as well. A randomized controlled trial conducted 
by the Johns Hopkins School of Public Health used standardized student report measures of 
stress, depressive symptoms and peer relationships to evaluate the effects of a yoga and 
mindfulness after-school program (45 minutes, 4 days per week for 12 weeks) for 4th and 5th 
graders in inner city Baltimore (Mendelson, Greenberg, Dariotis, Gould, Rhoades, & Leaf, 
2010). Compared to controls, participants in the yoga and mindfulness intervention had lower 
scores on multiple measures of the Involuntary Engagement Scale indicating greater regulation 
of stress and emotion. These outcome measures have been correlated in previous studies with 
heart-rate reactivity, providing some evidence that such self-report scales can correlate with 
physiological differences (Ancold & Stephen, 1995). This study was the first randomized 
controlled trial to demonstrate feasibility and positive effects of an inner-city mindfulness and 
yoga program, and was instrumental in generating interest and support in expanding programs of 
this kind in low-income, inner-city schools and community centers.  
 Reviews of published literature on mindfulness programs for youth show strongest effects 
in clinical populations including those with attention disorders, anxiety and depression (Burke, 
2010). For example, Beauchemin, Hutchins, and Patterson (2008) evaluated the effects of a five-
week mindfulness intervention for students with diagnosed learning disabilities that 
compromised academic performance. They found reductions in state and trait anxiety using the 
State-Trait Anxiety Inventory (STAI) (Spielberger, 2010), and improvements in social skills 
measured by the Social Skills Rating System (SSRS) (Gresham & Elliott, 1990). Academic 
performance also improved, per quantitative teacher report. However, the study was limited by a 
lack of a control group and reliance on correlations of outcome measures rather than more direct 
measurement. A review of mindfulness interventions for youth by Burke (2009) found sufficient 
data to support the use of mindfulness-based interventions with young children but cautions 
against generalizing evidence from available studies due to the lack of rigor and empirical 
evidence in this emergent field. Burke also argues for a focus on standardized interventions and 
utilization of validated instruments and empirical measures, to allow for a meaningful consensus 
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on the effects of mindfulness-based programs for youth, particularly younger children. 
Acknowledging these limitations, available research on clinical and non-clinical youth 
populations indicates that there are positive effects of mindfulness programs on academic 
performance, attention, social and emotional regulation and treatment of disorders like 
depression and anxiety (Burke, 2009). Some studies (e.g., Black & Fernando, 2013) showed 
positive effects on attention, self-control, and child interactions in response to a seven-week 
intervention study of low-income kindergarten to sixth graders. While informative, this study 
was entirely based on teacher reports (before, during and after the intervention), and it lacked a 
control group. A more rigorous study, that included a control group and utilized self-report 
measures in a population of 216 high school students, found improvements in self-report of 
emotional and affective regulation as well as reductions in stress (Metz, Frank, Reibel, Cantrell, 
Sanders, & Broderick, 2013). However, the authors acknowledge the need for additional research 
to connect self-report measures with observed or empirical changes in behavior and academic 
performance.  
 1.2.3 Limitations of Behavioral Research on Mindfulness.   
 A primary issue with using self-report, satisfaction, and teacher observations to evaluate 
the effects of mindfulness programs is that engaging in mindfulness has been shown to increase 
satisfaction and positive emotions generally, not limited to targeted behaviors or functions of 
interest. For example, research looking at the effects of mindfulness on physical activity showed 
increased satisfaction with participants’ physical activity in general, but did not actually result in 
increased physical activity (Tsafou, De Ridder, van Ee, & Lacroix, 2015). In the absence of a 
rigorous research base studying mindfulness in children, well-meaning parties including the 
media, curriculum developers, educators and researchers often inappropriately infer that 
mindfulness programs will produce similar effects in children as have been reported in studies on 
adults. However, in practice such comparisons are highly questionable, especially in light of 
developmental differences, differential relationships between students and their mindfulness 
instructor (in this case usually a teacher), and pedagogical differences in mindfulness practices. 
A reliance on behavioral measures, therefore, is unlikely to provide the degree of insight needed 
to thoroughly evaluate the impact of mindfulness programs, and research that relies on more 
objective measurements – specifically, physiological and biological markers of targeted 
functions – is called for. The following chapter will review empirical peer-reviewed research that 
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has used physiological outcome measures to evaluate effects of attention, stress and mindfulness 








This chapter provides an overview of research explaining the current biological understanding of 
attention, stress, and the interaction of biology in complex conditions. Studies examining 
education, including (but not limited to) mindfulness based programs and their observed effects 
on biological systems, will be discussed. 
2.1 Current Theories of Attention 
The first studies of attention, described in Woodworth (1938), are known to go back as far as 
1859, but were severely limited by knowledge of physiology and related psychological models. 
Neville Moray’s (1969) book “Listening and Attention” provided six different definitions of 
attention. Posner and Boies (1971) helped to consolidate and advance the multidimensional 
model of attention based on a series of behavioral and electroencephalographic (EEG) 
experiments in the late 1960s and early 1970s (e.g. Näätänen, 1967; Posner & Keele, 1967; 
Näätänen, 1970). These experiments provided clearly defined methods and replicated empirical 
support for differentiating attentional performance, using cueing and probe paradigms that alert 
attention to a stimulus, as well as interference paradigms that make stimulus discrimination more 
challenging by adding conflicting information around the stimulus. While the terminology has 
changed over the years, Posner and Boies (1971) provided the basis for Michael Posner’s three-
network model of attention comprised of three primary independent networks representing 
different aspects of attention: alerting, orienting, and executive attention (Posner, 2012).  
2.1.1. Three Networks of Attention.   
The three network model of attention has served as the conceptual basis for many 
empirical studies in modern neuroscientific research that have furthered our understanding of the 
biological bases for relationships between sensory perception, cognition and consciousness in 
typical development, distinctions between states and traits, and enhancement or impairment in 
response to experience and environment (e.g., Tang, Hölzel, & Posner, 2015). In this section, 
each network will be described in terms of function, followed by section 2.1.2 which describes 
hypothesized relationships with mindfulness practices. Section 2.2 will introduce how each 
network is measured using the Attention Network Test (ANT). 
2.1.1.1 Alerting. The alerting network modulates to achieve appropriate sensitivity and 
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overall arousal and sensitivity to incoming stimuli (Moruzzi & Magoun, 1949). Alerting is both 
the short-term phasic modulation of alertness as well as longer-term persistence of levels of 
arousal (Posner, 2008). The alerting network involves right frontal areas, parietal cortex, and the 
locus coruleus in the brainstem. The locus coruleus (pons) is modulated by the norepinephrine 
system, playing a critical role in the stress response system and disorders related to prolonged 
activation of the system, such as chronic anxiety (Bremner, Krystal, Southwick & Charney, 
1996). 
2.1.1.2 Orienting. Orienting is the shifting of attention and prioritizing of sensory 
perception and processing to relevant stimuli, often modulating arousal (via the alerting system) 
to achieve sufficient sensitivity for processing of stimuli. The orienting system engages both 
frontal (frontal eye fields) as well as parietal cortical areas, and is modulated by acetylcholine 
and the cholinergic system (Fernandez-Duque & Posner, 1997; Petersen & Posner, 2012).  
2.1.1.3 Executive. Executive attention is the monitoring and top down regulation of 
attention (particularly in the context of a stimulus with or without conflicting flankers, or 
distracting stimuli), and it is carried out by frontal and midline brain regions, especially the 
anterior cingulate cortex (ACC) (Petersen & Posner, 2012). Executive attention directs input to 
appropriate processing networks and plays a critical role in executive functions and self-
regulation (Rueda, Posner & Rothbart, 2005). 
2.1.2 Independence and Integration of Attention Networks.  
As shown in figure 1 below, the three attention networks have been shown to be mostly 
independent, with some shared anatomical pathways and efficiencies. Together, the networks 
function as a dynamic, iterative filter for limiting the allocation of cognitive and brain resources 




Figure 1: Interacting Networks of Attention: while independent, networks function 
together to process sensory input. Reproduced from Fan (2014), permitted under 
Creative Commons Attribution License.  
2.1.3 Proposed Relationships Between Mindfulness Practices and the three 
Attention Networks.  
Malinowski (2013) provides a theoretical model for relationships between mindfulness-
based practices and brain networks that may be engaged and trained by such practices. For 
example, mindfulness practices that utilize focused and sustained attention (for example on 
sensations of breath: Lutz, Slagter, Dunne, & Davidson, 2008) engage the alerting network, as 
one focuses and attempts to maintain attention. When attention wanders, with training, the 
executive network can engage, preempting an emotional response and instead engaging the 
orienting network to direct attention back to the intended object or sensation. Figure 2 below 
shows Malinowski’s (2013) model relating mindfulness practices to specific   brain networks. 
 
 
Figure 2: Theoretical model showing relationships between mindfulness experiences and 
practices with brain networks. The inner circle on the left represents phenomena that 
might be experienced by a mindfulness practitioner; the middle circle relates an attention 
construct to each experience; and the outer ring suggests the primary brain network that 
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is engaged in each context. The corresponding brain networks are represented on the 
left, highlighting the multiple structures and lobes involved in each network. Reproduced 
from Malinowski (2013), permitted under Creative Commons Attribution License. 
2.2 The Attention Network Test 
Early adoption of functional brain imaging methodologies such as EEG and positron 
emission tomography (PET) permitted the localization of perceptual, attentional and cognitive 
systems in the human brain (Posner & Cohen, 1984; Posner, Petersen, Fox & Maichle, 1988). 
These achievements were made possible in part by testing, refining and establishing methods for 
the reliable measurement of various cognitive processes. Posner and colleagues developed a 
standardized attention assessment for adults known as the Attention Network Test (ANT; later 
adapted for children as the ANT-C) that examines the inter-relationships between different 
executive and attentional functions, specifically inhibition, alerting and orienting (Posner, 1980; 
Posner & Petersen, 1990; Fan, McCandliss, Sommer, Raz & Posner, 2002).  
The ANT-C is the adaptation for children of this commonly used computerized task that 
combines a traditional flanker paradigm (Eriksen & Eriksen, 1974) in which a target stimulus (a 
fish, with an arrow inside of it; see figure 3 for examples) is presented along with additional 
stimuli (other fish) that the participant must inhibit, preceded by temporal and spatial cues 
developed by Posner and colleagues to engage independent, but not entirely orthogonal, attention 
networks: alerting, orienting, and executive. Following figure 3, each condition will be explained 




Figure 3:  Schematic of ANT-C Tasks and conditions from Rueda, Posner, Rothbart and 
Davis-Stober (2004). Reused with permission from the publisher. 
2.2.1 Alerting.  
In the ANT-C, the alerting condition evaluates level of arousal (Moruzzi & Magoun, 
1949) and sensitivity to incoming stimuli by evaluating the response to a double cue, also 
described as a warning signal, consisting of two fixation points presented both above and below 
the position of the upcoming stimulus. The double cue response is compared to trials where no 
cue is provided prior to the target presentation (Posner, 2008). The double cue, which provides a 
temporally relevant but spatially ambiguous prompt before the target, activates the alerting 
network because it provides information for the participant that a target is coming up, although it 
does not provide any more specific information about where the target will appear.  
2.2.2 Orienting.  
The orienting condition of the ANT-C is designed to assess the impact of a centrally-
presented visual cue, a fixation point that appears in the center of the screen prior to target 
presentation, which provides temporal information about the pending onset of the target. This is 
contrasted with a spatial cue, a fixation point presented in the specific position onscreen that will 
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be occupied by the visual target, hence providing both temporal and spatial information about the 
following target and orienting the participant’s attention towards the time and place where the 
target will be presented. 
2.2.3 Executive.  
The executive conflict condition of the ANT-C (also referred to as the executive attention 
or congruency condition) collapses all cue conditions and examines target congruency. 
Congruent targets (arrows inside of fish) all face the same direction, and incongruent targets face 
in different directions (e.g., the arrow inside the “target fish” points left, while arrows inside other 
fish – the flankers – presented at the same time all point to the right). Participants are instructed 
to use their thumbs to click the mouse button in the direction faced by the target (center) fish as 
quickly and accurately as possible. 
The large number of researchers using the ANT, ANT-C and other standardized adapted 
versions (freely downloadable) to investigate a variety of questions related to attentional 
processing and networks has supported replication and comparison of findings across different 
stages of development, specific clinical populations, and interventions aimed at improving 
attention. Several behavioral studies and one EEG study have used the ANT to examine the 
effects of mindfulness in adults (Jha et al., 2007; Gamboz, Zamarian, & Cavallero, 2010). A few 
studies have utilized the ANT-C to demonstrate behavioral and physiological correlates of the 
three attention networks in children from ages 4 to 10 as well as the effects of attention training 
(Rueda et al., 2004; Rueda et al., 2005).  
Rueda et al. (2004) utilized the ANT-C to study the development of attentional networks 
in 4 groups of children aged 6 to 10 years, with six boys and six girls in each group. The 
youngest participants showed the longest reaction times and highest error rates on the task, with 
both measures improving consistently by age group but only significantly so in the conflict 
(congruency/executive attention) condition. At age six the error rate in the conflict condition was 
15.8% but the error rate dropped sharply at age 7, down to 5.7%, and continued to slowly decline 
for 8 year olds (4.9%), 9 year olds (2.7%) and 10 year olds (2.2%). These findings suggest a 
dramatic enhancement of executive control and consistent performance after age 7 years, 
continuing into adulthood, and have been supported by other experiments using computerized 
flanker tasks (Ridderinkof, 1997) and a behavioral tapping test commonly used in developmental 
research (Diamond & Taylor, 1996). 
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A study by Mezzacappa (2004) administered the ANT-C to a diverse sample of 249 
children aged 5 to 7 years in their Chicago area homes to evaluate the influence of 
sociodemographic differences on the development of attention. The study provides strong 
evidence for the validity of the ANT-C in consistently showing task differences (as reflected by 
reaction time and accuracy) in attention based on the usefulness of the cue condition and the 
complexity and information load of the target. The study provides useful validation of previous 
findings (e.g. Rueda et al., 2004), who used a larger sample to demonstrate improvements on 
task performance developmentally with age, that also correlated with a compiled measure of 
socioeconomic status. The larger sample size of the 2004 study also allowed for a more fine-
grained analysis of sociodemographic factors and their effects on task conditions. For example, 
increased age was associated with enhanced utilization of the alerting cue, and suggested that the 
attentional network engaged for this type of cueing may develop around the age of six. While 
socioeconomically advantaged children outperformed lower income peers, particularly in 
executive attention (the congruency condition), subgrouping by race revealed that African 
American and Hispanic children, independent of SES, were better able to suppress interfering 
information across different task conditions. The author suggested that this effect may in part be 
drive by higher rates of bilingualism in these groups; previous research has shown that 
bilingualism is correlated with enhanced performance on tests of executive function (e.g., 
Bialystok, 1999). Mezzacappa (2004) argues that the integration and analysis of specific 
cognitive assessments, along with broad sociodemographic measures, are key to understanding 
the mechanisms that underpin differences in outcomes and the development of targeted early 
intervention.  
Jha, Krompinger, and Baime (2007) examined differences in behavioral measures of 
attention between adult participants before and after an eight-week mindfulness training 
(MBSR), experienced meditators before and after a month-long mindfulness retreat, and a group 
of controls with no mindfulness training. Accuracy and reaction times on the ANT were 
compared at two time points for all groups. Results showed that MBSR participants improved 
their performance on the orienting condition, both in comparison to the control group and to their 
own performance pre-MBSR. By contrast, the experienced meditators who participated in the 
month-long retreat showed improvements in the alerting condition. Interestingly, no differences 
between groups were found post-MBSR for the congruency / executive attention condition, but 
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the authors suggest this may be due to task exposure or reaction time floor effects. These 
findings, along with studies utilizing the ANT as a brain imaging task described below (e.g., 
Bunge, Dudukovic, Thomason, Vaidya & Gabrieli, 2002), demonstrate the utility and sensitivity 
of the task in measuring the differential effects of differing mindfulness experiences and 
practices on different forms of attention (Jha, Krompinger & Baime, 2007). 
Widely-used standardized psychological assessments and computerized tasks that show 
robust behavioral effects (like the ANT) are commonly adapted for functional imaging 
experiments, including EEG and functional magnetic resonance imaging (fMRI), as a means to 
gain greater understanding of how subjects perform a task or why performance is different 
between individuals or groups. Event-Related Potentials (ERPs) are time-locked EEG responses 
to events, commonly tightly controlled repeated experimental stimuli, that serve as indices for 
specific cognitive functions and processes. ERPs are characterized by three attributes: amplitude 
(µV), latency (milliseconds), and scalp topography (electrode scalp locations, source 
localizations). These neurophysiological measures contribute to our understanding of how 
cognitive functions and processes are realized in the brain providing a deeper level of 
explanation of the mechanisms underpinning human behavior (Berger, 1929; Michel, & Murray, 
2012). In the next section, I provide an overview of specific ERP components that are related to 
aspects of attentional processing. ERP components are typically labeled according to their 
temporal and topographical properties – so for example, an “N1” component is a negative 
voltage deflection typically observed within 100 milliseconds post-stimulus; a P1 is a positive-
going deflection that happens around the same time; and so on.  
2.2.4 ERPs Associated with ANT conditions.  
Among the most extensively studied ERP components related to attention are the P1, N1 
and P3, all of which have been shown to be variably affected by different forms of meditative 
practices (as reviewed by Cahn & Polich, 2006). One of the earliest studies on the N1 as a 
marker of attention by Haider, Spong, and Lindsley (1964) found that amplitude of the N1 was 
modulated by participant attention to stimuli (dim vs bright light flashes). Later studies used 
flanker paradigms to examine the effect of cueing attention to target or non-target stimuli, 
finding enhancement of N1 amplitudes when cues correctly directed attention to target stimuli 
(Näätänen & Michie, 1979; Luck, Heinze, Mangun, & Hillyard, 1990).  
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The alerting condition of the ANT is expected to produce a positive voltage deflection 
approximately 50-100 milliseconds after the cue (known as the P1), followed by a negative 
deflection at approximately 100 milliseconds (the N1). Together these components are often 
described and analyzed as the P1/N1 complex, measuring the voltage fluctuation from the peak 
to peak of the P1 and N1. A study by Luck, Heinze, Mangun, and Hillyard (1990) offered one of 
the first theories regarding the relationship between the P1 and N1, suggesting that the P1 may 
relate to sensory processes that support attending to targets when cued, whereas the N1 is 
associated with directing attention related, or in response to, a cue. In addition to latency 
differences in early attentional cueing components, later components like the N2 (200-400ms 
after cue) as well as a late positivity (400-700ms after cue) have previously been investigated in 
response to the ANT (Neuhaus, 2010).  
The contrasting (no cue) condition of the ANT does not produce an event related 
potential because there is no stimulus presentation occurring during the period immediately 
preceding target presentation. The spatial and center cues in the orienting condition both produce 
P1/N1 responses and differentially reduce behavioral response times, as well as latency of related 
ERPs (Neuhaus, 2010). The congruency condition of the ANT is associated with three primary 
ERP components: the P1 and N1 components related to perception of the target, followed by a 
P3 component (Sutton, Braren, Zubin, & John, 1965) related to target stimulus detection, the 
evaluation of congruency, and the inhibition of conflicting distractor stimuli (fish pointing in 
different directions) to incongruent trials. The P3 is modulated by the ANT cue condition that 
precedes it, and this ERP component has been shown to differ in amplitude, latency and 
topography at distinct developmental stages, in response to attention training, and in 
developmental and acquired disorders (Posner, Rothbart, Sheese, & Voelker, 2014). 
Neuhaus (2010) provides a comprehensive overview of ERP findings associated with the 
ANT in a large sample (n = 44) of adults, characterizing the individual condition-dependent 
ERPs, including interactions between conditions and topographical presentation of components 
on the scalp. In addition to the usual behavioral differences in reaction time and accuracy by 
condition, ERP responses to alerting and orienting conditions differed slightly at parietal and 
occipital electrode sites but overlapped at some other sites, supporting the view that the cue 
conditions are independent but utilize shared pathways or mechanisms in facilitating target 
discrimination. In particular, the P3 response to the target condition was observed at both frontal 
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and parietal electrodes, and it showed frontal enhancement that had previously been associated 
with engagement of the anterior cingulate cortex (ACC; Schmajuk, Liotti, Busse & Woldorff, 
2006). Parietal responses to incongruent stimuli were attenuated, however, resulting in a higher 
amplitude P3 for congruent trials compared to incongruent trials.  
Rueda, Posner, Rothbart and Davis-Stober (2004) compared ERP responses to the ANT-
C between 4-year-old children (n=22 divided equally by sex) and 18 young adults (mean age 23, 
12 women, 6 men) to examine differences in time course and topography in different 
developmental stages. This study was the first to compare responses to the ANT-C, which 
contains the same conditions and design as the adult version of the ANT except that target 
arrows are embedded within yellow fish graphics on a blue background to make it more game-
like. It was an important test of similarities and differences in young children as well as adults 
using the ANT-C, which could easily produce differing results based on differences in 
complexity (colors and fish graphics versus very simple arrows) of visual presentation. While the 
ANT-C produces larger early ERP components related to visual perception compared to the adult 
version of the ANT, the general effects by condition are the same. 
In another study, again utilizing the ANT-C with 4 year olds, children were randomly 
assigned into a computerized attention training program comprised of five 45 minute sessions 
over the course of 2 or 3 weeks (Rueda et al., 2005). Computerized training exercises taught 
children how to manipulate on-screen animated figures using a joystick, and how to predict 
movements of a figure based on an initial trajectory. Participants in the training group showed 
significant improvements in IQ, driven by gains in the Visual Matrices portion of the Kaufman 
Brief Intelligence Test (K-BIT) (Kaufman & Kaufman, 1990). They also showed more adult-like 
ERP waveforms in the congruency condition of the ANT-C, including a “flip” of the waveforms 
resulting in greater negativity at the Fz (frontal-central) electrode around 300 milliseconds after 
incongruent targets (see figure 4 below). The untrained participants showed a similar but 
generally attenuated waveform, with greater negativities in response to the congruent condition 
at the same time point and electrode. Together, these studies show the sensitivity of the ANT-C 
in measuring the development of different attentional components in early development, and 
suggest that attention training at ages as young as 4 years can produce more adult-like behavioral 




Figure 4:  ERP Waveforms associated with for congruent and incongruent targets with 
the ANT-C from Rueda et al. (2005). Flip of effect (on Fz electrode) highlighted in P3 
time window.  Reused and adapted with permission from the publisher. 
 
 2.2.5 fMRI Studies using the ANT.   
 To further validate hypotheses about the anatomical bases of behavioral findings and the 
generators of ERP responses to the ANT, Fan, McCandliss, Fossella, Flombaum, and Posner 
(2005) scanned sixteen typically developing adults performing a version of the ANT adapted for 
fMRI, removing the double cue and neutral conditions found in the full version of the ANT and 
providing additional time between stimuli to allow for image acquisition. Behavioral 
performance on the task replicated similar patterns from previous studies, with increases in 
reaction time and decreases in accuracy for incongruent targets, and improvements in reaction 
time and accuracy with spatial and temporal cueing and in congruent trials. The fMRI data 
generally supported previously hypothesized anatomical mechanisms for the three attentional 
networks, finding separable activation of networks by condition, with some anatomical overlap. 
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The alerting network is largely dependent on the neurotransmitter norepinephrine, which in part 
modulates frontal and parietal activation, as well as engaging the thalamus in arousing alertness 
based on sensory input. Contrary to some previous findings, possibly as a result of the 
modification of the alerting condition in the ANT in this study (the researchers used the center 
cue as the comparison for alerting instead of the double cue), a left hemisphere bias was noted. 
Such a bias has been found in previous imaging studies to be associated with temporal cues, but 
additional modification of the ANT would be required to validate this finding. The orienting 
network was associated with activations aligned with previous fMRI studies examining the 
spatial cues to visual stimuli, engaging prefrontal and parietal areas with a right hemisphere bias. 
For the conflict / congruency condition, the ACC was active during both congruent and 
incongruent trials and the dorsolateral prefrontal cortex (DLPFC) was more active during 
incongruent trials. This adds to previous findings indicating that the ACC primarily functions as 
a conflict monitor, while the DLPFC resolves conflict. Corbetta and Shulman’s (2002) review of 
fMRI studies of attentional control describes evidence for the role of the right inferior frontal 
cortex (near the frontal eye fields) in top-down, goal-directed stimulus detection. These findings 




Figure 5: fMRI activations associated with the ANT Alerting, Orienting and Executive 
Networks (Fan et al., 2005; Reused with permission from the publisher). 
 
 Fan et al. (2005) and Posner et al. (2012) both considered the possible role of various 
neurotransmitters and genetic polymorphisms in each attentional network, all of which can be 
investigated more thoroughly with greater accessibility of magnetic resonance spectroscopy. As 
discussed previously, norepinephrine (NE) is critically involved in the alerting system. There is 
also evidence that the orienting system largely utilizes acetylcholine (Ach) related to 
parasympathetic/autonomic nervous system activity. The executive network largely engages 
areas regulated by dopamine levels (Fan, Gu, Guise, Liu, Fossella, Wang, & Posner, 2009; 
Posner, 2012). All three neurotransmitters play important roles in the stress response system and 
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activity in the autonomic nervous system (discussed in section 2.2 and reviewed by Sapolsky & 
Meaney, 1986; Kaufman, Plotsky, Nemeroff, & Charney, 2000). These networks are delineated 
in figure 6 below showing functional connections between brain structures involved in 
processing stressors from perception to attentional modulation to activation of the peripheral 
nervous system.  
 
Figure 6: Key brain structures involved in the perception and processing of stressors and 
the stress regulation feedback loop from Kaufman, Plotsky, Nemeroff, & Charney, 2000. 
The model shows how the ACC functions as a hub for attention and stress regulation with 
connections and feedback loops to structures involved in the stress response (structures on 
far right) including norepinephrine and cholinergic systems. Reused with permission from 
the publisher. 
 
 As discussed in the introduction, attention and executive functions play an essential role in 
perceiving, evaluating and responding to stressors. Genetic mechanisms are understood to 
underlie some individual differences in specific functions such as inhibitory control and 
emotional regulation, but there is debate in the field about the degree to which training affects 
these functions broadly or if effects are limited to more limited tasks or conditions directly 
related to training (Voelker, et al., 2016). The integration of multimodal data, including brain 
imaging, genetics, and markers of stress and immune reactivity, is allowing for more in depth 
understanding and complex biological modeling of changes of behavior. Voelker, Sheese, 
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Rothbart & Posner (2015) accounts for individual differences in reaction times in children 7 
years of age practicing performance on the attention network test using a model that incorporates 
white matter differences which are in part mediated by genetic factors. They suggest similar 
approaches can be used to understand effects of meditation and mindfulness practices but focus 
more generally on transfer effects of attention training. Modeling of this kind provides critical 
theoretical and methodological support for bridging and understanding dynamic interactions of 
biological systems in relation to mindfulness based programs.  
 The following section reviews research on the development of the stress response system, 
highlighting the importance of the timing, duration and intensity of stress and empirical studies 
in humans and animals that link early life stress to the development of brain structures involved 
in attention and self-regulation. 
2.3 Current Theories and Markers of Stress 
 The human body’s stress response is a complex coordinated biological adaptation that 
supports the ability to fight or flee from perceived challenges and threats. The stress response 
begins in the brain as threats are perceived and processed, primarily in the frontal lobes, the 
amygdala, and the hippocampus. Individual genetic predispositions that in part determine 
sensitivity as well as the duration, intensity and timing of stress responses are critical factors in 
how effectively the body responds to environmental stressors. Perceived stressors drive increased 
glucocorticoid secretion, which in turn can affect the hippocampus, especially in infancy, 
reducing its ability to modulate hypothalamic-pituitary-adrenal (HPA-axis) activity. The HPA 
axis facilitates many of the adaptive biological responses to stress including modulation of 
cardiovascular, immune, thermoregulatory and metabolic systems and processes to support 
adequate arousal and responsiveness to engage various acute stressors or challenges. However, 
chronic or long-term activation of the HPA axis is taxing on these individual systems and has 
wide ranging negative effects on health (Dallman, 1993; McEwen, 2000a). Human and animal 
studies demonstrate the effects of prenatal, infant, adolescent and adult stress and have 
consistently shown that early stress exposure is far more damaging than stress in later life 
because key portions of the physiological controls that support healthy regulation, supported by 
the frontal cortex, are still developing well into adolescence, leaving young children particularly 
vulnerable to damaging stress (e.g., Lupien, McEwen, Gunnar, Heim, 2009). This vulnerability 
to stress in infancy provides a clear biological basis for the need for parental nurturing and 
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buffering from the effects of stressors. Damage to the hippocampus from stress in early 
development has been shown to result in emotional disorders and earlier onset of typical 
cognitive decline common later in life (Andersen, 2003). Maternal prenatal and postnatal 
depression have been shown to negatively affect parental sensitivity to children, and to 
negatively impact parent-child interactions. These factors in turn affect recovery of the stress 
response system to stressors, by altering the nature of HPA-axis reactivity (Albers, Riksen-
Walraven, Sweep, & Weerth, 2008).  
 
Figure 7: Graphical representations of differential responses to stress. Reproduced with 
permission from (McEwen, 1998), Copyright Massachusetts Medical Society. 
 
The transition from parental care to child care outside the home aligns with a stage of brain 
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development in attentional networks and executive functions, particularly in the frontal lobes 
develop while most other brain structures are mostly formed. High-quality, nurturing, and 
responsive care inside or outside the home during this period can serve as powerful buffers to 
stress, in part by supporting the development of executive functions (Gunnar & Donzella, 2002; 
Geoffroy, Côté, Parent & Séguin, 2006; NICHD Early Child Care Research Network, 2002). 
Exposure to stress and significant adverse life experiences during this period, such as abuse, 
dysfunction in the home including substance abuse, or mental illness, can alter development of 
the frontal lobes, particularly the ACC, and result in challenges related to self regulation of 
attention, emotions and the stress response system (Dube et al., 2001; Cohen, 2006).  
 2.3.1 Salivary Markers of Stress  
 The stress response system is now widely understood to be a coordinated multi-system 
integrated response involving the peripheral nervous system (PNS), sympathetic nervous system 
(SNS), and the HPA-axis, all of which mediate physiological responses that can now be 
monitored non-invasively (for example, measuring salivary metabolites rather than drawing 
blood, as was required in the past). In light of these advances, researchers are pushing for a 
multi-systems approach using reliable physiological measures to gain meaningful insights into 
developmental, psychosocial and health outcomes mediated by stress (Rash, Thomas, Campbell, 
Letourneau, Granger & Giesbrecht, 2016). As a result of increased accessibility and outsourcing 
of saliva analysis, physiological analytes that once depended on wet lab facilities are now 
available to be measured in public health and other social service settings. Additionally, tools 
such as smartphones allow researchers to send saliva sample kits homes with families and alert 
them to collect samples and other measures (e.g., completing surveys or self-reports) at different 
times of the day and during different activities, addressing many of the pre-existing challenges in 
physiological sample collection, consistency of timing, and participant attrition.   
 2.3.1.1 Cortisol.  Cortisol is a glucocorticoid hormone produced in the adrenal gland in 
response to stress and low blood glucose. It supports gluconeogenesis, metabolism of fats, 
proteins and carbohydrates, and has a suppressive function on the immune system. Salivary 
cortisol has been shown to be a viable correlate for plasma cortisol, and is one of the most 
commonly studied measures of the stress response and activation of the hypothalamic–pituitary–
adrenal (HPA) axis, as it has a fairly stable and well-studied diurnal rhythm, peaking 
approximately thirty minutes after waking in the morning and declining throughout the day 
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(Vreeburg, Kruijtzer, van Pelt, van Dyck, DeRijk, Hoogendijk, et al., 2009). The most 
meaningful times to measure salivary cortisol are immediately upon waking in the morning and 
again shortly afterward (Jacobs, Nicolson, Derom, Delespaul, Myin-Germeys, 2005; Vreeburg et 
al., 2009), because these time points provide an indication of HPA engagement and baseline 
stress levels. Cortisol has been widely used in attempts to move away from less reliable and 
subjective self-report measures of stress to a physiological outcome measure in research on 
mindfulness practices (for review see Matousek, Dobkin, & Pruessner, 2010) but studies have 
shown mixed responsive to stress reduction interventions like MBSR, possibly as a result of 
differing collection and analysis procedures. While cortisol is widely used in studies with 
children, gaps remain in understanding factors that alter diurnal decline at different 
developmental stages in part because relevant systems and functions related to attention and self-
regulation are difficult to reliably measure to factor as a covariate (Schonert-Reichl et al., 2015). 
For example, a study by Hatfield, Hestenes, Kintner-Duffy, and O’Brien (2012) examined 63 
children nested in preschools of varying quality measured by the Early Childhood Environmental 
Rating Scale (ECERS-R; Harms, Clifford, & Cryer, 1998). They found greater declines in 
diurnal cortisol in children identified to be in more emotionally supportive classrooms as 
assessed by the Classroom Assessment Scoring System (CLASS) Pre-K (Pianta, La Paro, & 
Hamre, 2008). The study was able to show significant effects by utilizing data collection 
practices that reduced variability and aimed to collect samples from each child on at least two 
different days in which there were no schedule disruptions, since such alterations to schedule are 
thought to change the rate of diurnal decline (RDC) for saliva measures. For participants with at 
least three samples, area under the curve for each day was calculated as a means of controlling 
degrees of freedom and gaining a cross-time point measure of RDC for each measure for each 
child. It is likely that high-quality mindfulness-based social emotional learning activities and 
curricula in the classroom could yield similar results but more studies are needed combining 
biological measures of stress and rigorous classroom quality measures like the CLASS. 
2.3.1.2 Alpha Amylase. Alpha amylase (AA) is a protein enzyme largely found in 
pancreatic secretions and saliva. Salivary Alpha Amylase (sAA) is increasingly studied along 
with cortisol as a reliable marker of stress, norepinephrine levels and activation of the autonomic 
and sympathetic nervous system (SNS) with notable and useful differences from cortisol in 
diurnal rhythm, reactivity and sensitivity to context (Out, Granger, Sephton, & Segerstrom, 
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2012). Research in healthy adults has shown regular changes in sAA to occur faster in response 
to both stressful and soothing stimuli. SAA also correlates with a validated short- and long-term 
measure of anxiety — the State-Trait Anxiety Inventory (Spielberger, 2010) – showing rapid 
increases in response to lab-based A and declining in response to relaxation (Takai, Yamaguchi, 
Aragaki, Eto, Uchihashi, & Nishikawa, 2004). Both cortisol and alpha amylase have been shown 
to be reliable markers of stress, but there are unique cases in which the measures disassociate 
(Granger, Kivlighan, Blair, El-Sheikh, Mize, Lisonbee, et al., 2006). Studies have shown 
differences in reactivity between sAA and cortisol related to the perceived nature of the stressor 
as a threat (danger or anger related commonly elicited by social rejection paradigms) which 
increases cortisol more than sAA versus a challenge (frustration or anxiety elicited by 
performance/speaking tasks) which elevates sAA more than cortisol (Stroud, Foster, 
Papandonatos, Handwerger, Granger, Kivlighan, et al., 2009). Therefore, salivary bioscientists 
believe additional research with analyses of both measures in studies of stress is warranted 
(Granger, et al., 2006). The fast reactivity of sAA, peaking at 4-10 minutes following the onset 
of a stressor, means that sAA is a good candidate to provide information about immediate, rapid 
responses to environmental stressors, whereas cortisol, reactive approximately 20 minutes 
following a stressor, provides more information about the longer-term response to stress (Engert, 
Vogel, Efanov, Duchesne, Corbo, Ali, & Pruessner, 2011; Granger et al., 2012). 
2.3.1.3 Secretory Immunoglobulin A. Immunoglobulins are a class of glycoproteins 
produced in the plasma, that function as antibodies. Secretory Immunoglobulin A (SIg-A) has a 
secretory protein attached to it from the epithelial cells as it passes into the secretions; this 
protein protects it from degradation in secretions such as saliva, sweat or tears. SIg-A is less 
commonly utilized than sAA or cortisol as a marker of stress reactivity, as it reflects arousal of 
the mucosal immune system. This is a part of the body’s stress response, but somewhat less 
direct than the HPA and sympathetic responses indexed by other measures (Hucklebridge, Clow, 
& Evans, 1998). There is some disagreement about the reactivity of Sig-A to short-term, acute 
stressors as well as its recovery from a prolonged stressor, including prolonged academic stress 
(Zeier, Brauchli, & Joller-Jemelka, 1996; Tsujita and Morimoto, 1999; Deinzer, Kleineidam, 
Stiller-Winkler, Idel, & Bachg, 2000, Volkmann & Weeks, 2006); however, studies generally 
support the assertion that SIg-A is a marker of a healthy, adaptive immune response to a stressor 
(positive or negative). Since mindfulness training could potentially reorient the nature of 
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participant engagement with a moderate stressor like the ANT-C, SIg-A could vary along with 
adaptation to task. Conversely, SIg-A is unusually slow to recover from a stressor (Deinzer et al., 
2000). Studies of SIg-A have shown mixed results, possibly more so than cortisol or sAA (for a 
review see Zeier et al., 1996). Differences in reactivity of this saliva marker in relation to stress 
and the possibility that it is reactive to positive stressors make it an interesting but less stable 
measure that could provide insights into the effects of mindfulness practices.   
By selecting these three specific salivary markers of stress, this study aimed to evaluate 
different aspects of the stress mediation system in participants. The glucocorticoid response 
mediated by adrenals is indexed by measuring cortisol; the effects of stress on the sympathetic 
nervous system are indexed by measuring sAA; and the effects of stress on acute immune system 
responses are indexed by measuring sIg-A. A These systems, and their interactions during a 
stress response, are illustrated in the figure below (figure 8).  
 
Figure 8: The stress response system: a biological model showing interactions between 
 
35 
brain structures and the HPA axis (from Lupien, McEwen, Gunnar & Heim, 2009). 
Abbreviations in the figure: ACTH= adrenocorticotropic hormone; GRs = 
glucocorticoid receptors; CRH = Corticotropin-releasing hormone; AVP = Vasopressin. 
Reproduced with permission from the publisher. 
 
2.4 Interactions between Socioeconomic Status, Stress and Attention 
Stress has also been shown to interact uniquely with varying conditions and levels of 
socioeconomic status, especially in terms of the environmental, family and daily challenges that 
disproportionately affect lower SES families (Lepore, Palsane, & Evans, 1991; Baum, Garofalo, 
& Yali, 1999). In turn, such experiences in childhood affect the development of executive 
functions and attention. This section summarizes some of the available evidence regarding 
interactions and possible biological mechanisms underlying developmental adaptations related to 
varying conditions and abilities to regulate stress and attention. For example, Barch, Pagliaccio, 
Belden, Harms, Gaffey, et al. (2016) found functional connectivity differences that were 
associated with socioeconomic status in preschoolers; these connectivity differences were 
predictive of mood symptoms and later school-age depression. Specifically, income-to-need ratio 
was positively correlated with the degree of functional connectivity between the hippocampus 
and the amygdala and right superior frontal cortex. These findings build upon previous work by 
Butterworth, Cherbuin and Sachdev (2012), who found volumetric differences in the 
hippocampus and amygdala correlated with income-to-need ratios in young children, suggesting 
that these differences were likely a result of stress related to financial hardship and increased 
engagement of the HPA axis altering volume of brain structures as a result of corticosteroid 
exposure. Figure 9 below summarizes some of these interactions between environmental 
stressors, life events and allostatic load (the wear and tear on an organism associated with the 




Figure 9: From McEwen (2000): a general model for interactions between the central 
and autonomic nervous systems in relation to stressors and individual differences in 
biological systems. Reproduced with permission from the publisher. 
 
Taking an epidemiological approach, Anda et al. (2006) examined the effects of eight 
Adverse Childhood Experiences (ACEs) including abuse, mental illness, and family dynamics 
and makeup, in a sample of 17,337 adults, to study relationships between individual and 
cumulative effects on biology and behavior. Logistic regression analysis revealed a graded 
increase in risk for negative outcomes in psychological and cognitive functions, health and 
substance use as a function of reported ACEs. These findings highlight the comorbid, cumulative 
and long term effects of early childhood stressors. While Anda et al. (2006) did not examine 
sociodemographic factors, a study by Wickrama, Simons, and Baltimore (2012) looked at similar 
adverse experiences along with sociodemographic factors in a sample of 12,000 adolescents in 
the context of theoretical models, mechanisms and potential mediators. The most relevant 
reviewed models include Becker’s (1981) economic resource model that emphasizes persistent 
effects of economic struggle, Haverman and Wolfe’s (1995) model that emphasizes effects of 
parental educational attainment, child reading knowledge and social factors, and Hill’s (1985) 
race-based inequalities model that emphasizes the systemic inequality and discrimination in the 
United States. All of the models have empirical support, and it is likely that all the factors 
delineated by these models do contribute and relate to adverse life experiences and associated 
negative outcomes (Anda et al., 2006). However, Wickrama et al. (2012) also provide evidence 
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of the moderating effects of educational attainment across all models. Using multilevel 
regression controlling for child (self-esteem, supportive parents), parent (occupation and 
education) and socioeconomic (income, community poverty) variables, the authors suggested 
that education is just one of many potential protective factors that could account for remaining 
unexplained variance and heterogeneity within and between sociodemographic grouping factors. 
Genetics and epigenetics are increasingly understood as important biological markers of 
interactions between social, cultural and environmental factors associated with outcomes related 
to various socioeconomic indicators. Kim and Evans (2011) reviewed specific gene-environment 
interactions that reflect sensitivity to, and possible mechanisms for, deficits commonly 
associated with low SES, making it clear that such outcomes are not necessarily merely a 
function of income. Factors such as child and parental stress and daily hassles (Van IJzendoorn, 
Bakermans-Kranenburg, & Mesman, 2008) increase allostatic load (the physiological cost that is 
imposed by heightened and/or chronic activity of the HPA axis and the stress regulation system 
more broadly: McEwen, 2000) and can negatively affect parent-child interactions, depending on 
multiple gene-environment interactions. Kim and Evans (2011) propose that this association is 
underpinned by biological mechanisms that may explain some differences in outcomes for low 
income children and families. For example, exposure to household lead and other damaging 
toxins has been shown to result in attentional disorders and other cognitive deficits; and such 
exposures are almost exclusively a burden on low income communities (Evans, 2004).  
While these studies provide evidence for the potentially harmful effects of challenging 
conditions in childhood, there is encouraging evidence that the primarily-impacted biological 
systems are resilient, and may be capable of quick recovery if adversity and stress are reduced. A 
study by Liston, McEwen, and Casey (2009) exemplifies the dynamics of stress and attention 
including short-term deficits and recovery in healthy adults. The researchers used MRI to obtain 
functional brain images for two groups of medical students in an attention switching task: one 
group a month before a stressful exam, and the other group during two periods of low stress. The 
high-stress group before the exam showed disruption affecting prefrontal cortex (PFC) and 
connectivity of a frontoparietal network utilized in the attention switching task, compared to the 
low-stress comparison group. The high-stress group returned a month later following the exam, 
and reported lower stress on the Perceived Stress Scale (PSS) (Cohen, Kamarck, & Mermelstein, 
1983); repeat MRI scans revealed that the previously-observed differences in PFC connectivity 
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and networks involved in attention switching compared with low-stress controls had disappeared. 
This study provides encouraging evidence related to the fast acting neuroplasticity of the PFC in 
recovering from stress. The reported recovery of PFC function and related attention-shifting 
abilities were not the result of stress reduction or attention intervention; rather they were simply 
the result of natural recovery from stress after an acute stressor, in this case medical students one 
month after completing a stressful exam. Liston et al. caution against over-generalizing findings, 
but assert that their study offers insights into cognitive deficits targeted by stress reduction 
interventions. 
2.5 Mindfulness Studies Using Biological Measures 
 Increasing accessibility of biologically-based research methodologies like brain imaging 
and measurement of various analytes in saliva, combined with concerns about the sensitivity and 
reliability of behavioral assessments, has resulted in more use of physiological outcome 
measures to assess the effects of mindfulness practices including improvements in attention,  
self-regulation and affect outside of clinical and health-related research fields. Research on 
mindfulness-based states and traits has largely focused on phenomenological investigations 
linking specific EEG spectral frequencies to participant reported meditation states and practices 
(e.g., Cahn & Polich, 2006). Brain imaging studies examining the effects of meditation and 
mindfulness practices can be traced back to the 1950s and 1960s (Hirai, Izawa, & Koga, 1959; 
Kasamatsu & Hirai, 1966). These early studies found differences in EEG frequencies at different 
sites across the scalp in long-term practitioners of Zen meditation and introduced alpha band (8-
12hz) power as one of the first physiological measures of meditative practices. Through the 
1980s and continuing even today, there has been contentious debate and extensive research on 
the nature of EEG alpha activity and its relationship to states of attention and consciousness 
(West, 1980). The availability of computers with sufficient processing and storage capacity for 
digital acquisition and analysis of EEG signals facilitated major advances in EEG research and 
introduced additional imaging modalities that allowed scientists to study meditation and 
mindfulness using new imaging methodologies like magnetoencephalography (MEG) and 
magnetic resonance imaging (MRI).  
 A major challenge in the field of cognitive neuroscience is the alignment and interpretation 
of structural, electrical and hemodynamic data to better understand the complex dynamics of 
brain functions, especially as these relate to “higher” cognitive functions such as executive and 
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attentional regulation. The precise design and task requirements of experiments examining 
different forms of attention and executive functions are critical for interpreting results as 
demonstrated by early fMRI studies that examined cognitive control using go/nogo and flanker 
paradigms as well as combinations of the two. For example, Casey, Trainor, Giedd, Vauss, 
Vaituzis, et al. (1997) examined the development of the anterior cingulate cortex (ACC) and its 
role in regulating cognitive activity, particularly response inhibition in attention tasks that require 
participants to resolve conflicting or incongruent information and make a correct response. They 
found that the volume of the right ACC was correlated with age, attentional capacity and 
behavioral reaction times on attention tasks. Methodological limitations at the time did not allow 
researchers to fully evaluate theories of connectivity and myelination between the ACC and 
prefrontal and posterior areas, but they were able to conclude that the ACC is an important 
structure in a larger network of brain regions involved in controlling and directing attention.  
 Bunge, Dudukovic, Thomason, Vaidya, and Gabrieli (2002) reported one of the first fMRI 
studies to examine developmental differences in task-related cognitive strategies and 
corresponding brain regions engaged by children aged 8 to 12 years, compared to adults, using a 
flanker go/no-go paradigm (Eriksen & Eriksen, 1974). Similar to the Attention Network Test, the 
task examines the effects of interference from distracting stimuli but adds a no-go condition in 
which participants are instructed to withhold a response. Successful suppression of interfering 
stimuli in the no-go condition was found to be associated with lateralization differences in the 
ventrolateral prefrontal contrex (vPFC), with adults showing activation in the right and children 
in the left. In the no-go condition, children who successfully inhibited a response did not show 
frontal activation as adults did, only showing common activations in posterior regions. This 
difference in activation of frontal areas supports previous, mostly behavioral work (Eriksen & 
Eriksen, 1974; Posner, 1980; Ridderinkhof, 1997) and more recent functional imaging studies 
(Fan, 2002; Rueda, 2004) that have shown the slow maturation of frontal structures to explain 
developmental changes in attentional performance, particularly executive processes including 
inhibition. Bunge et al. (2009) acknowledged that previous studies (e.g. Casey et al., 1997) 
showed activation of frontal areas in a go/no-go task in adults and children; but such studies 
utilized block designs rather than event-related designs, and therefore did not offer insight into 
the kind of traditional oddball go/no-go procedure that Bunge (2009) investigated. Furthermore, 
no anatomical atlases for adolescents were available at the time to allow for undistorted 
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comparisons between adults and children. 
 Resting state brain imaging research, particularly research into resting state functional 
connectivity (rsFC) of the default mode network (DMN), is an area of intense interest in 
cognitive neuroscience now that relationships between oscillatory electrical activity and resting 
state hemodynamic activity are better understood (Greicius, Supekar, Menon, & Dougherty, 
2009; Sockeel, Schwartz, Pélégrini-Issac, & Benali, 2016). Collection and analysis of these data 
are difficult, due to significant methodological challenges and debate about interpretation. 
Nevertheless, a study by Creswell, Taren, Lindsay, Greco, Gianaros, et al. (2016) recently 
showed that three days of intensive meditation was associated with a coupling of rsFC in the 
dorsolateral prefrontal cortex. It was suggested that this neural change could explain differences 
in salivary levels of interleukin-6 (IL-6), a pro-inflammatory cytokine that is associated with 
stress and inflammation. This is one of the only studies to date that has attempted to examine 
relationships between structural and functional changes in the brain, and biological markers of 
stress and inflammation (specifically, salivary levels of IL-6).  
 Berkovich-Ohana, Glicksohn, and Goldstein (2014) measured resting state default mode 
network activity using a mean phase coherence analysis of EEG activity from electrode clusters 
across the scalp. They found a negative correlation between mindfulness meditation and gamma 
activity (state frequency band) over frontal and posterior regions that had previously been 
associated with DMN activity in MRI studies (Tang & Posner, 2013). This study demonstrates 
the feasibility of utilizing 64 EEG channels for the study of functional and resting state 
connectivity in relation to state and trait differences associated with mindfulness meditation. It 
also provides a valuable foundation for future research into neurodynamics using the better 
spatial resolution of higher-density 128-256 channel EEG systems to correlate oscillatory 
activity with findings from other methodologies like magnetic resonance imaging.  
 Given the wide variety of meditation and mindfulness practices, the unique ways in which 
individuals engage in them, and the generally very narrow focus of imaging experiments, it is 
difficult to generalize structural and functional study findings broadly. However, as this kind of 
research is increasingly becoming multi-modal in nature, progress is being made in terms of 
correlating structural and functional data with one another to enhance understanding of the 
neural changes that are associated with mindfulness practice. Several meta-analyses have 
attempted to aggregate existing findings utilizing various methodologies, but the main 
 
41 
conclusions of these reviews have largely focused on the need for increased methodological 
rigor, identification of the most promising methodological paradigms, and delineation of the 
brain regions that have consistently been identified to be engaged in meditative and mindfulness 
practices (e.g., Cahn & Polich, 2006; Fox et al., 2014). For example, a meta-analysis of 
morphometric MRI studies on meditation by Fox et al. (2014) concludes that anatomical 
differences between adult meditators and non-meditators are commonly found in the left 
rostrolateral prefrontal cortex, anterior/mid cingulate cortex, anterior insula, primary/secondary 
somatomotor cortices, inferior temporal gyrus and the hippocampus. Fox et al. (2014) caution 
against causal interpretations, however. In most of the available literature, meditative or 
mindfulness practices cannot be shown to cause structural changes due to widespread 
methodological problems, particularly the rigor of experimental designs, confounding or 
insufficient demographic data, and a lack of appropriate control groups and conditions. Published 
structural imaging studies offer some interesting insights into which brain regions are altered 
depending on the type of practice engaged in by participants, and the dosage or time commitment 
associated with observed structural differences (Fox et al., 2014). Given shared practices and 
experiences in meditative practice including attention to senses, the body, emotions and 
introspection and consistency of structural and functional changes across multiple studies, Fox 
(2014) suggests that these specific brain structures may benefit from commonalities across 
meditative practices more generally. 
While stress reduction and improvements in attention have been described as the most 
common benefits of mindfulness practices and interventions, to date these outcomes have mostly 
been studied independently. Very few studies have attempted to evaluate the interactions 
between stress and attention as affected by mindfulness. Black and Slavich (2016) published the 
first systematic review of randomized controlled trials (RCTs) examining the effects of 
mindfulness meditation on the immune system using biological markers rather than reported 
disease symptomology. The 20 RCT studies reviewed included a total of 1,602 participants. 
Primary findings showed that mindfulness is associated with reduced levels of inflammatory 
cytokines, higher telomere activity and length (a measure of cell health and aging), and lower 
levels of immunoglobulins overall. The authors note tremendous heterogeneity in terms of 
clinical conditions and populations but assert that there is sufficient support from the many 
biological markers reviewed in the studies to suggest that mindfulness practices have a positive 
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effect on immune function by reducing inflammation, slowing or reversing cell aging, and 
possibly enhancing defenses against infection and disease. Black and Slavich (2016) noted many 
challenges and opportunities for additional research, and they specifically encouraged stronger 
control of dosage in RCT studies of mindfulness, given that many of the effects they reviewed 
were dosage-dependent. They also suggested less invasive methods (compared to blood draws) 
for evaluating many of the biological measures, including extraction from saliva, urine and hair. 
A study by Zeidan et al. (2016) used a randomized, double-blind design to examine mechanisms 
of pain relief associated with mindfulness practices like those commonly used in hospital-based 
MBSR programs. They found significant reductions in reported pain in the mindfulness group 
compared to controls (non-meditators), both in groups receiving a saline placebo injection as 
well as those receiving an opioid antagonist (naloxone). This study demonstrates that 
mindfulness practices are effective in reducing pain, likely a result of improved cognitive 
modulation of pain pathways by frontal areas including the ACC. Further, the significant 
reduction in pain in both the placebo and opioid antagonist injection groups demonstrates that 
pain reduction associated with mindfulness does not require opioidergic mechanisms as 
previously thought. Understanding biological mechanisms through which mindfulness enhances 
function or modulates symptoms provides valuable information for researchers, clinicians and 
practitioners in multiple fields to utilize mindfulness-based interventions effectively in 
combination with other developmental, medical and psychological considerations. 
 The following chapters will discuss the research questions, methods and results of an 
evaluation of a mindfulness based social emotional learning curriculum for young children that, 
based on the previously reviewed literature, could provide opportunities to remediate some of the 
negative effects of challenges in early childhood. Given our recently increased understanding of 
the granularity and interconnectedness of the development of biological systems and their 
sensitivity to challenge, as well as the resilience of such systems, a rigorous evaluation requires 
utilizing, integrating and interpreting a battery of reliable measures that have not frequently been 
combined in the published literature thus far. The study findings will be delineated, and 






RESEARCH QUESTIONS AND HYPOTHESES 
 
 The aim of this study was to measure biological differences in young children engaged in 
a daily school-based mindfulness program (mindfulness group) compared to other typically 
developing children not engaged in mindfulness training (comparison group), using ERP 
measures of attention, salivary measures of stress, and behavioral measures.  
 Differences in task performance on the Attention Network Test for Children (ANT-C) 
were measured by reaction time and accuracy of behavioral responses and ERP amplitude, 
latency, and topography by condition. Reaction time and accuracy of behavioral responses were 
predicted to differ depending on the usefulness of the temporal and/or spatial information of the 
cue condition, as well as the presence of incongruent (conflicting) or congruent (matched 
orientation) arrows on both sides of the target. Differences in ERP amplitude, latency and 
topography provide additional information beyond behavioral data about how the groups differed 
in performing the task, specifically by providing indices of neural activation related to attentional 
and other cognitive resource allocation. Salivary measures of stress provide information about 
participant engagement in the task, and the nature and time course of the stress response across 
the lab visit. 
The goal of the study was to build upon previous research that has utilized the same 
instruments and measures selected here, and to demonstrate the increased sensitivity and value of 
physiological data in understanding the effects of early childhood interventions, including but 
not limited to mindfulness-based programs. Future studies could examine differences in program 
initiation (developmentally), curriculum (dosage, format, content), and longitudinal effects. The 
specific research questions, and related hypotheses, are outlined below. 
3.1 Research Question 1: 
 How do mindfulness practices affect attentional networks assessed by the Attention 
Network Test for Children, as indexed by behavioral measures as well as event related 
potentials?  
 Hypothesis: Mindfulness-based activities increase attentional arousal, and support 
directed and sustained attention and inhibition of distracting or conflicting stimuli.  
  Based on this hypothesis, it is predicted that the mindfulness group will show enhanced 
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attention compared to controls indexed by both behavioral and ERP measures of alerting, 
orienting and executive attention on the ANT-C. Study predictions include the following 
condition-specific effects: In the alerting condition, a P1/N1 ERP complex in response to the 
double cue (compared to the no cue condition) is expected. Increased amplitude of the P1/N1 
complex and shorter reaction times to the double cue are expected for the mindfulness group 
compared to controls. In the orienting condition, a P1/N1 complex is expected in response to 
both spatial and center cues. Increased amplitude of the P1/N1 complex and shorter reaction 
times are expected for the spatial cue compared to center cue. These effects are expected to be 
enhanced for the mindfulness group compared to the comparison group. In the target 
congruency condition, the P3 amplitude is predicted to be enhanced and will have a different 
topographical distribution (compared to incongruent trials) for the mindfulness group, reflecting 
greater frontal engagement. Reaction times and accuracy for target congruency will be 
enhanced in the mindfulness group relative to the comparison children. 
3.2 Research Question 2: 
 How do mindfulness practices affect the stress response associated with the study 
protocol in young children, as evidenced by three distinct salivary measures of stress: cortisol, 
salivary alpha amylase (sAA) and secretory immunoglobulin A (SIg-A)?  
Hypothesis: Mindfulness-based activities enhance attentional and emotional engagement 
and control, resulting in a healthier adaptive stress response.  
 Based on this hypothesis, it is predicted that the mindfulness group will show enhanced 
regulation of stress both at baseline and in response to the mild stress of the protocol, relative to 
the comparison group. Study predictions include the following condition-specific effects: 
Cortisol levels are predicted to be lower for the mindfulness group throughout the protocol 
relative to the comparison group, indicating general stress regulation abilities in response to a 
mild stressor. Salivary alpha amylase (sAA) is predicted to show a greater increase for the 
mindfulness group compared to controls, reflecting enhanced increased activation of the 
autonomic nervous system as a result of greater engagement with the task. Secretory 
immunoglobulin A (SIg-A) levels are predicted to be higher in the mindfulness group compared 
to controls, indicating a positive stress response and engagement of the autonomic nervous 
system and immune system related to the mild psychological stress of the task. 
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 The following chapter will provide detailed information about the measures and methods 
used in this study, followed by findings and results related to the specific hypotheses and 






RESEARCH DESIGN & METHODS 
 
The aim of this study was to measure the effects of mindfulness practices on attention 
and stress in a group of school-age children, using a combination of biological and behavioral 
measures. To this end, saliva measures were collected and high density electroencephalographic 
(EEG) data were recorded while participants completed the Attention Network Test for Children 
(ANT-C). The following sections describe the participants, measures and protocols and analysis 
procedures used in the study. All EEG, saliva and behavioral data were collected in the 
Neurocognition of Language Lab at Teachers College, Columbia University. Participant 
screening and demographic data as well as parent reports of child empathy and executive 
function were securely collected using Research Electronic Data Capture (REDCap) (Harris, 
Taylor, Thielke, Payne, et al., 2009). 
4.1 Participants 
4.1.1 Recruitment  
 All participants in the study completed a secure online participant screener (see Appendix 
D) that determined their eligibility for the study. Only children aged 5 to 7 years were included 
in the study to control for developmental differences in attention and executive function that 
typically occur around this age (Klenberg, Korkman, & Lahti-Nuuttila, 2001; Rueda, Fan, 
McCandliss, Halparin, Gruber, Lercari, & Posner, 2004). All children were right handed and 
fluent in English. Children diagnosed with specific medical conditions (such as attention deficits, 
epilepsy, and others mentioned below) or any history of brain injury were excluded from 
participation in the current study, but will be of interest for future studies once the effects of 
mindfulness are better understood in typically developing children. In addition to demographic 
information, parents reported any medical diagnosis or treatment as well as their perception of 
undiagnosed deficits, disorders or conditions related to attention, sensory processing, asthma and 
epilepsy, or the use of medications containing corticosteroids that would preclude or bias 
collection of EEG or saliva data (see Appendix D for complete participant screener responses 
and exclusion criteria).  
 Participants with mindfulness experience were recruited from Girls Preparatory Academy 
in the Bronx and participated in a minimum of 40 minutes of mindfulness exercises three to five 
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times each week with a teacher certified to teach yoga and mindfulness. Curricular activities 
were from a mixture of programs described in section 1.2.2.1 included focused attention to 
senses, open awareness to the school environment, yoga, “Simon Says” like games aimed at 
building executive functions, developmentally appropriate lessons about brain function, and 
reflective journaling and discussion of all activities.  
 Comparison children with no mindfulness experience were recruited using printed posters 
and flyers and online postings (See Appendix C) on a community portal at Teachers College, 
Columbia University, as well as social media accounts operated by the Neurocognition of 
Language Lab and the College. The Institutional Review Boards at Teachers College, Columbia 
University and the New York City Department of Education approved all recruitment methods, 
materials and locations as well as all study procedures (see Appendices A and B).  
 Prior to visiting the lab, information about the experimental protocol was shared with 
parents, who were asked to review the information with their child to gauge their interest in 
participating in the experiment, particularly how comfortable they would be with wearing an 
EEG net. Upon arrival to the lab, parents and children were given a tour of the lab and the full 
protocol was explained to them verbally. Parents were also given a document including informed 
consent and participant rights, which they reviewed and signed while the child was playing with 
a research assistant. 
4.1.2 Participant Demographics 
 All participants were between the ages of 5 and 7 years and were separated into groups 
depending on participation in school-based mindfulness programs. The comparison group (no 
mindfulness experience) consisted of four males and five females (mean age 5.7 years), and the 
experimental group consisted of nine females (mean age 5.4 years). The comparison group 
reported family income (mean = $75,556) that was $23,540 higher than reported family income 
for the mindfulness group ($52,016), but this difference was not significant, based on an 
independent samples t-test (t (12) = 1.13, p = 0.281). Additionally, maternal education was 
higher overall in the comparison group (5=graduate degree, 1=associate degree, 3=high school 
diploma) than in the experimental group (1=graduate degree, 3=bachelor degree, 3=associate 
degree, 2=high school diploma).  
Attempts were made to balance groups based on gender and income. Additionally, 
analyses were applied to demonstrate that the observed differences between groups were not 
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solely related to demographic factors. Demographic data were entered in a multilevel model to 
examine the degree to which any factors predicted effects or explained variance within or 
between groups on primary measures (Snijders, 2011; Baayen, Davidson, & Bates, 2008). 
4.1.3 Sample size and power calculations 
Functional brain imaging studies often produce small effects due to low signal to noise 
ratios and relatively small numbers of heterogeneous participants, even in tightly controlled 
conditions (Picton, Alain, Otten, Ritter, & Achim, 2000). Despite small numbers of participants 
in each group, there was sufficient statistical power to evaluate significance in several measures 
used in the study. Greater variance in outcome measures was observed in the comparison group 
than the mindfulness group, but advanced analysis methods and a new approach to recruitment 
of additional participants in the future aim to address this imbalance (discussed further below, in 
Chapter 6). 
The ERP responses to the ANT-C, including the P1, N1 and P3, are robust components 
that can be seen in individual participants assuming adequate numbers of trials going into the 
average, which according to Luck (2005) and Woodman (2010) varies widely by experimental 
task, number and characteristics of subjects and environmental recording conditions for the 
study. Woodman (2010) suggests 300-1000 trials per participant for perceptual P1 and N1 
components, while the P3 can require as few as 35-60 trials per participant per condition, but low 
noise and effective subject instructions and feedback can show an effect with lower numbers of 
trials than these general ranges. Luck (2005) recommends doubling these suggested numbers of 
trials when working with children or disordered populations, given the number of trials that will 
likely be lost to artifacts. However, the length of the experimental protocol prohibited increasing 
the number of trials or blocks beyond what was already included in the protocol for children 
aged 5 to 7 years. For the two cue conditions (alerting and orienting) there were the following 
numbers of trials: Alerting: 52 no cue + 52 double cue = 104 alerting cue trials; Orienting: 53 
center cue + 53 spatial cue = 106 orienting cue trials; creating a combined total of 210 cue trials 
that proceed each target. Each cue preceded trials in one of three target conditions (congruent, 
incongruent and neutral) each with 70 trials per condition, resulting in a combined 210 trials in 
which a target condition is preceded by one of the cue conditions. 
Saliva measures require many more participants than brain imaging studies to achieve 
statistical significance because they are discrete measures at individual time points, often with 
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high variability between subjects on very small measures (Granger et al., 2012). While a 
majority of saliva studies utilize hundreds of participants to examine large population-level 
differences, there are a few previously-referenced studies that have sample sizes of 15-30 per 
group. For example, Volkmann and Weekes (2006) compared two groups of 17 in a study 
utilizing SIg-A, and Deinzer et al. (2000) compared two groups of 27. Dr. Douglas Granger, a 
leading salivary bioscientist, suggested that significance between groups using cortisol, sAA and 
SIg-A could emerge with around 10 participants in each group; but he suggested 15-30 in each 
group for larger effects (personal communication, May 6, 2014).  
 Above and beyond the challenges faced by most studies in terms of power, particularly 
those using biological measures, it was predicted that there would be differences in variance and 
power within and between groups because of inherent differences in the study groups. It was 
expected that the mindfulness group would have more usable ERP trials in relation to the 
comparison group because mindfulness practices likely enhance the ability to remain still. The 
comparison group were not expected to have had as much training, experience or feedback on 
their ability to remain still to perform a task for a 45-minute period. For the ANT-C, 9 
participants in each group provide sufficient power to show task related effects by condition 
within group both in terms of behavior and event related potentials, but additional participants 
would likely enhanced significant differences between groups. Saliva measures of stress and 
parent reports of empathy and executive function require significantly more participants to show 
significance but the available data serve as useful and relevant measures for exploring 
interactions with attention measures. 
4.2 Instruments & Measures 
The lab visits overall required 2 hours including orientation to the lab, collection of 




            Table 1:  Participant Lab Visit Data Collection Overview 
4.2.1 Behavioral Measures 
4.2.1.1 Vision Screening. All study participants reported normal or corrected-to-normal 
vision on the participant screener. Each participant’s vision was additionally screened prior to 
participation in experimental procedures using the Kindergarten Test Chart, an adapted version 
of a traditional vision screening chart that uses shapes children can easily identify rather than 
letters, which children aged 5-7 years may still be learning. Children stood twenty feet from the 
chart and identified the symbols as a researcher pointed to them. All children were able to 
identify symbols at 20/20 level or better. 
4.2.1.2 Forward Digit Span Working Memory Assessment.  Before the EEG session, 
participants completed an assessment of memory for digits from the Comprehensive Test of 
Phonological Processing (CTOPP) in which they repeated numbers played auditorily at a rate of 
two digits per second from a computer, starting with two digits and increasing the number of 
digits until the child made three recall errors (Wagner, Torgesen, & Rashotte, 1999). Working 
memory assessment was limited by overall length of the protocol and determining a 
developmentally appropriate assessment for 5 to 7 year olds. Backward digit span is considered a 
better measure of working memory but is not recommended for children under 6 years of age, 
whereas forward digit span is considered more a measure of short-term memory (St Clair-
Thompson, 2010). In the reported study, only 6 children (out of 18 participants total) completed 
the digit span working memory assessment, because 12 of the participants completed the 
Activity                              Length 
========================================================================= 
Orientation, Drink of Water……………………………………………………………………15 minutes 
Consent, Assent, Vision Screening…………………………………………………………….15 minutes 
Saliva Swab #1………………………………………………………………………………….5  minutes 
Working Memory Assessment (CTOPP)……………………….……………………………..10 minutes 
EEG Net Application…………………………………………………………………………..15 minutes 
ANT-C Practice Block…………………………………………………………………………..5 minutes 
Saliva Swab #2…………………………………………………………………………………..3 minutes 
ANT-C Block #1…………………………………………………………………………………7 minutes 
Break……………………………………………………………………………………………..5 minutes 
ANT-C Block #2…………………………………………………………………………………7 minutes 
Saliva Swab #3  /  Break…………………………………………………………………………5 minutes 
ANT-C Block #3…………………………………………………………………………………7 minutes 
Parent Completion of Questionnaire / Researcher Plays with Child…………………………..25 minutes 
Saliva Swab #4………………………………………………………………………………….1.5 minutes 
 
TOTAL TIME                            Approximately 2 hours 
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protocol prior to the introduction of this measure. Another measure of working memory is 
included in the following parent report measure. 
4.2.1.3 Parent Surveys of Child Executive Function and Empathy. Parents completed 
two online self-administered questionnaires after the EEG session was completed while the child 
participant played with a member of the research team. The first measure was the Behavioral 
Rating Inventory of Executive Function (BRIEF), a parent-reported measure of children’s 
behaviors and habits, including inhibitory control, shifting, emotional control, planning, 
monitoring, and working memory (Gioia, Isquith, Guy & Kenworthy, 2000). The second was the 
Griffith Empathy Measure, which assesses cognitive and affective empathy (the ability to 
understand others' perspectives and to have an emotional response more appropriate to another 
person's situation than one's own; Dadds, Hunter, Hawes, Frost, et al., 2008). These measures 
were selected because empathy and executive function are both domains that may be affected by 
mindfulness training, and both measures have been used in previous studies evaluating the 
effects of mindfulness practices in children (e.g. Hawn Foundation, 2011; Schonert-Reichl et al., 
2015). Survey data were summed and averaged by instrument subtest. Welch independent t-tests 
were used to examine differences between groups on each measure.  
4.2.2  EEG Data Collection and the ANT-C task 
Participants were seated in a comfortable wooden chair in an EEG chamber that was 
designed and constructed to electrically and acoustically isolate the participant and the EEG 
equipment. The participants were consistently placed between 60 and 70 cm from the 24" NEC 
MultiSync PA241W LCD stimulus presentation monitor (native resolution 1920x1200, 60hz 
refresh rate) below an overhead (90cm) speaker which played audio feedback (described below) 
for each trial. A parent or guardian remained with the child throughout the procedure. Verbal 
instructions about the ANT-C task were provided by a researcher in addition to on-screen 
instructions. The participant was told that they would play a game on the computer; the goal of 
the game was to feed the fish appearing onscreen as quickly as possible before they swam away. 
The way to “feed the fish” was to look for the arrow inside the center fish, and click as quickly as 
possible on the mouse button that corresponded with that direction (right button for a right-
pointing arrow inside the fish; left button for a left-pointing arrow). Participants were told to look 
for a hint (various cues) before the fish appeared, as a way to know when the fish were about to 
appear and, sometimes, where they will appear (above or below the center fixation point). The 
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participants were instructed to respond as quickly and as accurately as possible but to not worry 
too much when they got one wrong. The experiment began with a block of 24 on-screen practice 
trials to ensure that participants understood the task and how to register their responses using the 
mouse on the desk (by pressing the buttons with their thumbs). Throughout the practice and 
experimental trials, participants received visual and auditory feedback on their responses. 
Correct answers produced bubbles above the mouth of the center fish, synchronized with an 
audio track that played a “woohoo!” sound. If answers were incorrect or the participant did not 
respond quickly enough, they heard an audio track of a buzzer and the fish disappeared. Based 
on their performance the experimenter provided feedback on both task performance (speed and 
accuracy of response) and the participant’s ability to remain as still as possible. Before beginning 
the first of four experimental blocks the researcher again confirmed each child’s assent to 
continue, and reminded participants to use the hint (cue) to respond as quickly and accurately as 
possible but not to worry too much if they got one wrong and heard the buzzer. Participants were 
continuously monitored by video and audio feeds to the data collection station outside the 
participant chamber, and remained with a parent/guardian at all times.  
While participants completed four blocks (48 randomly presented trials, each containing 
a cue followed by a target with random ISI between 400 and 1600ms – for additional detail see 
previous description in 4.1.3 or Rueda et al., 2004) lasting approximately 7 minutes each (for 
description of task conditions see section 2.1.1 and figure 3), high-density EEG was recorded, 
with the goal of providing a characterization of the time course and spatial dimensions of brain 
activations underlying attention-related cognitive functions thought to be affected by 
mindfulness training. EEG data were recorded at 500hz using 128-channel hydrocel Ag/AgCl 
electrodes embedded in soft sponges woven into a geodesic array. Electrode nets were connected 
to a high impedance amplifier (EGI NetAmps 200 Series) manufactured by Electrical Geodesics 
(Tucker, 1993). The EEG sensor nets were soaked for up to ten minutes prior to use in a warm 
potassium chloride solution (2 teaspoons of potassium chloride, 1 liter of water purified by 
reverse osmosis, and 3 ccs of Johnson & Johnson baby shampoo to remove oils from the scalp). 
The high density hydrocel geodesic sensor nets and associated high impedance amplifiers have 
been designed to accept impedance values ranging as high as 100kΩ, which permits the sensor 
nets to be applied in under ten minutes and without scalp abrasion, recording paste, or gel (e.g., 
Ferree, Luu, Russell, & Tucker, 2001; Pizzagali, 2007). Impedance for all electrodes, particularly 
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those in the occipital montage of interest, were kept below 40kΩ throughout the experimental 
run (impedances were re-checked between blocks). Most electrodes, particularly in the occipital 
montage of interest, were below 20kΩ upon initiation of data acquisition. Eye blinks and vertical 
eye movements were monitored with electrodes placed below and above the eyes (channels 8, 
126, 25, 127). Horizontal eye movements were measured using channels 125 and 128, located at 
positions to the left and right of the eyes. Online recordings at each electrode used the vertex 
electrode as the reference and were later referenced to the average reference. Data were recorded 
and digitized using Netstation v4.3 data acquisition software. 
4.2.3 EEG Data Processing 
 EEG data were preprocessed using Netstation v4.5.7 software, produced by the EEG 
equipment manufacturer, Electrical Geodesics. Raw data were filtered using a .3 to 30 Hz 
bandpass filter (FIR Passband Gain: 99.0 % (-0.1 dB), Stopband Gain: 1.0 % (-40.0 dB), Rolloff: 
2.00 Hz) and segmented from 650 milliseconds before the presentation of the target to 750 
milliseconds after target presentation (Keil, Debener, Gratton, Junghöfer, Kappenman, et al., 
2014; Widmann, Schröger, & Maess, 2014). This extended epoch captures multiple ERP 
components including early P1 and N1 responses to the various cue conditions as well as the 
target, followed by the P3 response related to congruency of the target. Artifacts and bad 
channels in the epoched data were automatically detected and then manually reviewed, verified 
and excluded from further analysis and averaging. Channels with fluctuations over 100 
microvolts (µV) were replaced with an interpolation of surrounding sensors. Segments were 
baseline corrected using 200 milliseconds before the start of the epoch, when no stimuli were 
being presented, to provide an average of brain activity unrelated to stimulus processing. Online 
recordings at each electrode used the vertex electrode as the reference and were later referenced 
to the average reference. Each condition for each subject was then averaged to produce an 
individual average waveform for each condition followed by grand averaging of conditions 
across participants by group (see section 5.2). 
4.3 Statistical Analysis Protocol 
4.3.1 ERP Data  
Following the previously described preprocessing procedures, individual averaged ERP 
data for each participant were exported for statistical analysis in R. Using analysis scripts 
tailored specifically for this experiment, R was used to determine adaptive mean amplitudes 
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(mean of 20ms window around positive or negative peak) within each time window for each 
component in each condition for all participants. All ERP waveform plots for all conditions used 
the same montage of occipital electrodes featured in figure 10 below. For the P3 congruency 
condition, amplitudes between occipital and frontal electrode sites were compared to evaluate 
fronto-occipital engagement as found in previous ERP studies utilizing the ANT or ANT-C (e.g. 
Rueda et al., 2005; Neuhaus et al., 2010). 
 
Figure 10:  the sensor layout of the 128 channel hydrocel geodesic sensor net. Occipital 
electrodes (bottom of image) indicates the primary electrode montage used for plotting 
and statistical analysis of all ERP waveforms. The frontal electrode montage is only 
utilized in the P3 congruency condition to examine correlations between frontal and 
occipital areas.  
 
Grand averaged data between groups and conditions were subjected to analysis of variance 
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(ANOVA) to identify main effects as well as group and condition interactions. Planned 
comparisons (independent and paired samples t-tests) were then used to examine differences in 
grand average adaptive mean amplitudes within conditions and between groups. ERP amplitudes 
and behavioral reaction times and accuracy were examined for correlations within individuals, 
and mean differences between groups. Where appropriate, Cohen’s d is reported as a measure of 
effect size (Cohen, 1988): effect size of 0.2 is considered a “small” effect, around 0.5 a “medium” 
effect, and 0.8 or above is considered a “large” effect. Effect sizes for ANOVA results are 
reported using generalized Eta-Squared (η2, or ges: Olejnik & Algina, 2003). For ges, η2 of 0.01 
is considered a small effect size; 0.06 is a medium effect, and 0.14 or larger indexes a large 
effect size (Cohen, 1988). Greenhouse Geisser corrections were used to correct for multiple 
comparisons in ANOVA results of more than two variables (Greenhouse & Geisser, 1959). 
Bonferroni corrections were applied to correct for multiple comparisons in pair-wise post-hoc t-
tests examining interaction effects in ANOVA results (Bland & Altman, 1995). 
4.3.2 Behavioral ANT-C Data  
Behavioral data (accuracy and reaction times) from the ANT-C were analyzed by 
participant and group as outlined in a study published by the group that designed the ANT-C 
(Fan et al., 2005). Behavioral response times and accuracy for cue and target conditions were 
compared via paired and independent samples t-tests for all ANT-C conditions, within and 
between groups. Behavioral data were analyzed both independently by condition and in attention 
network scores (subtraction of conditions:  double cue – no cue = alerting score; spatial cue – 
center cue = orienting score and neutral target subtracted from both congruent and incongruent 
targets) as both approaches have been used in the published literature with MacLeod et al. (2010) 
suggesting the difference score is less reliable given differences in effect sizes and inherent 
correlations of conditions, particularly the orienting network. Therefore, within groups 
comparisons of network scores was not conducted, instead they were examined for correlations 
with ERP and other behavioral measures. 
4.3.3 Saliva Data Collection and Analysis 
    Upon arrival and completion of parent consent and child assent, the first of four saliva 
samples was collected using a swab placed under the tongue for 90 seconds (timed with a 
stopwatch). The swabs were designed for use with children by Salimetrics, the leading salivary 
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bioscience firm in the United States. Samples were collected at four time points throughout the 
lab visit: one before the EEG session, two during the EEG task and one approximately twenty 
minutes after the EEG session. The four saliva samples were taken in order to obtain measures of 
resting (baseline), reactive and recovery levels of cortisol, alpha amylase and secretory 
immunoglobulin-A, all indicators of task-related stress. Samples were securely stored in a 
specialized freezer at -30 degrees Celsius and upon completion of the study were shipped 
overnight on dry ice to the Salimetrics testing laboratory for analysis. It is important to note that 
the study followed current best practices in cortisol collection procedures and analysis except in 
regard to time of collection, because all participants were scheduled for afternoon sessions 
between 2:00pm and 5:00pm (Granger, Johnson, Szanton, Out, & Schumann, 2012).  
 Salimetrics (State College, PA) analyzed the saliva samples, and results for each measure 
at each time point and each participant were aggregated for initial statistical testing and plotting.  
Low numbers of participants limited traditional statistical analyses that can be applied to the 
saliva data, but averages were calculated by group and time point for each measure. T-tests were 
used to examine differences between groups at each time point for each measure (Love, Selker, 
Marsman, Jamil, Verhagen, Ly, et al., 2015). In addition, the slope of the response for each 
measure was calculated for each participant (and averaged for the groups) using fixed effects 
from linear mixed effect modeling of each measure (Granger, Fortunato, Beltzer, Virag, Bright 
& Out, 2012). While it was not expected that saliva measures would be significant at individual 
time points by measure, the curve of the multiple time points for each measure and participant 
including a baseline measure upon arrival in the lab, two subsequent reactivity samples during 
the EEG session, and a recovery sample 30 minutes after completion of the EEG session could 
serve as a better measure of saliva responses in relation to the protocol (Willoughby, Vandergrift, 
Blair, & Granger, 2007).  









 The following sections present results from all measures in the protocol. The current 
analyses of the significance and interactions between the various outcome variables in this study 
are derived primarily from analyses of variance (ANOVA) and associated planned comparisons 
within and between groups by condition. 
5.1 Behavioral Results 
Behavioral measures of performance on the ANT-C including reaction time and accuracy are 
reported for all participants to demonstrate overall task-related effects, as reported in previous 
studies of children around the same age (e.g. Rueda et al., 2004; 2005) as well as in broader 
studies examining different psychometric features of different adaptations of the Attention 
Network Test (Fan, McCandliss, Sommer, Raz & Posner, 2002; MacLeod et al., 2010). 
 Figure 11 below shows reaction times and accuracy by cue condition by group. Observed 
reaction times align with expected condition and task effects but planned comparisons 
(independent samples t-tests) revealed no significant differences by condition between groups at 
the p < 0.05 level. Visual inspection of figure 11 reveals that reaction times to the target were 
modulated by cue conditions, with no cue or a center cue resulting in the longest reaction times, 
and spatial cues resulting in shorter reaction times. The degree to which cues provide useful 
temporal (double cue (**) above and below the fixation point, indicating when the targets will 
appear) and spatial (single cue (*) above or below the fixation point, indicating where the targets 
will appear) information about the following target was expected to reduce reaction times 
variably, depending on the degree to which participants were engaged in the task and were 
utilizing cues to facilitate performance. Despite its effects on reaction time, cuing had minimal 
impact on accuracy of target congruency evaluation. Participants generally took longer to 
evaluate the target based on the presence or absence of congruent or conflicting flankers (fish 
around the target (center) fish containing arrows that pointed in the same or different directions), 
and conflicting flankers did impact response accuracy. The presence of cues therefore affected 
only reaction time, while the presence of flankers affected both reaction time and accuracy. 
MacLeod et al. (2010) attributed the limited effect of cueing to the natural tendency of 
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participants to increase reaction times (take longer to respond) as a means to provide an accurate 
response.  
 
Figure 11: Reaction time in milliseconds and accuracy (percentage correct responses to 
target trials) as a function of cue condition. Results are represented by participant group 
(upper charts show RT and accuracy for the Comparison Group; lower charts for the 
Mindfulness Group). Error bars represent standard error of the mean. Means are shown 
in each column.  
 
Independent Samples T-Tests – Reaction Time by Cue 
   t  df         p  Mean Difference  SE Difference  Cohen's d  
Alerting No Cue RT   1.971   14   0.067   132.222   67.074   0.929   
Alerting Double RT   0.189   14   0.853   11.778   62.331   0.089   
Orienting Spatial Cue RT   1.393   14   0.183   78.222   56.171   0.656   
Orienting Center Cue RT   1.571   14   0.138   95.556   60.821   0.741   
 
















Double ACC  -1.174  14  0.262    -7.904    6.734  -0.553   
Up / Down ACC  -0.815  14  0.430    -4.739    5.812  -0.384   
Center ACC  0.094  14  0.927    0.563    6.003  0.044   
 
Table 2:  ANT-C Behavioral Data: Summary of independent sample t-tests between 
groups by condition. No significant differences by condition between groups at the p < 
0.05 level. Although comparisons did not reach significance, several conditions show 
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medium to large effect sizes that are consistent with previous studies and will be 
discussed in chapter 6. 
 
Figure 12 below shows reaction times and accuracy by target (congruency) condition by 
group. Observed reaction times aligned with expected condition and task effects but as for the 
cue conditions, planned comparisons (independent samples t-tests) revealed no significant 
differences by congruency condition between groups at the p < 0.05 level. Table 3 below 
provides the results of the independent samples t-tests by condition between groups. 
 
Figure 12: Reaction time in milliseconds and accuracy as percentage by target condition.  
Error bars represent standard error. 
 
Independent Samples T-Test – Congruency RT and ACC by Group 
   t  df  p  Mean Difference  SE Difference  Cohen's d  
Incongruent RT  1.151  15.79  0.267  62.667   54.439               0.543   
Congruent RT  0.364  15.87  0.721  24.111   66.306   0.171   
Neutral RT  0.589  15.99  0.564  37.444   63.532   0.278   
              
Incongruent ACC   -1.130  15.797  0.275  -9.222   8.162   -0.533   
Congruent ACC   0.425  9.721  0.680  1.889   4.443   0.200   
Neutral ACC   -1.130  16.00  0.275  -9.222   8.162   -0.533   
  
Table 3:  ANT-C Behavioral Data: Summary of independent sample t-tests between 
groups by congruency condition. No significant differences by condition between groups 
at the p < 0.05 level. As with cue condition results, congruency conditions did not reach 
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significance but there are several small to medium effects that are consistent with 
previous studies.  
Analysis of behavioral results as individual reaction times and accuracy scores from the ANT-C 
revealed no statistically significant differences between groups, but overall indicated that the 
participants performed the task as expected. There were reaction time effects related to cue 
conditions and for incongruent (conflicting flanker) targets compared to target conditions with 
congruent or no flankers. 
 





Comparison RT-No V Double 6.576 8 < .001  226.11 34.386 2.192 
Comparison RT-Spatial V Center -2.374 8 0.045 -64.44 27.147 -0.791 
Comparison RT-Incongruent V Congruent 4.419 8 0.002 106.89 24.190 1.473 
Comparison RT-Incongruent V Neutral 4.763 8 0.001 117.00 24.563 1.588 
Comparison RT-Congruent V Neutral 1.077 8 0.313 10.11 9.389 0.359 
        
Mindful RT-No V Double 4.806 8 0.001 105.67 21.98 1.602 
Mindful RT-Spatial V Center -2.759 8 0.025 -47.11 17.08 -0.920 
Mindful RT-Incongruent V Congruent 4.351 8 0.002 68.33 15.71 1.450 
Mindful RT-Incongruent V Neutral 4.194 8 0.003 91.78 21.88 1.398 
Mindful RT-Congruent V Neutral 1.366 8 0.209 23.44 17.16 0.455 
 
Table 4: ANT-C Behavioral Data: Summary of paired sample t-tests between conditions 
within groups by congruency condition. All comparisons were significant for both groups 
at the p < 0.05 level with the exception of the comparison of reaction times between 
Congruent and Neutral targets.  
 
The behavioral data were initially analyzed and reported as individual measures rather than 
subtractions between conditions because it was thought the individual scores would be more 
readily comparable to individual responses to task conditions across analyses. However, the 
number of conditions and observations in the current study and a growing consensus towards a 
subtraction approach to analyzing ANT data, including behavioral and functional imaging data, 
led to the following analysis that subtracts contrasting cue and conflict conditions to create 
network (subtraction) scores. As summarized in the plots and tables that follow, subtraction of 
conditions effectively reduced variance in comparisons and showed significant differences 




Figure 13: Attention network scores calculated by subtracting conditions (Alerting = No 
Cue – Double Cue; Orienting = Center Cue – Spatial Cue; Executive = Incongruent – 
Congruent) scale is in milliseconds and represents the difference (network) score by 
group. Error bars represent standard error. 
 
 Group  Mean  SE  t  df  p  Cohen's d  
Alerting Score  Comparison 226.111 34.386 
2.951 13.604 0.011 1.391 
   Mindful 105.667 21.984 
 Difference 120.444 40.813     
Orienting Score  Comparison 64.444 27.147 
0.540 13.475 0.598 0.255 
   Mindful 47.111 17.078 
 Difference 17.333 32.072     
Conflict Score  Comparison 106.889 24.190 
1.337 13.727 0.203 0.630 
   Mindful 68.333 15.706 
 Difference 38.556 28.841     
 
Table 5:  ANT-C Behavioral Data: Summary of independent sample t-tests between 
groups by alerting network score. 
 
Subtraction of reaction times by condition to create network scores of contrasting conditions 
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shows significant differences between groups using independent t-tests (t (13.604) = 2.951, p = 
0.011). Given that the alerting score measures difference in reaction time compared to double 
cues compared to no cue at all, it is logical that the contrast would be a significant difference 
with a large effect size. It also provides additional insight into statistically insignificant 
difference but large effect sizes reported in t-tests of individual condition reaction times 
(reported in table # in this section). 
5.2 EEG / ERP Results 
The following section describes ERP data associated with the conditions of the ANT-C. 
Significant main effects are reported with respect to multiple ERP components. All ERP 
amplitudes are reported as adaptive means, derived from the 20 milliseconds of samples around 
the peak of a component (highest positive or negative amplitude) within designated time 
windows. All plotted waveforms and analyses were performed on the occipital montage of 
sensors (see figure 10 in section 4.3.1). Only trials free from artifacts associated with participant 
movements, including blinks and saccades, were included in ERP averages for each condition 
(see section 4.3.2 for artifact detection, verification and rejection criteria). As discussed in 
Chapter 4, appropriate corrections have been made for multiple comparisons and effect sizes for 
ANOVA results are reported using generalized Eta-Squared (η2, or ges: Olejnik & Algina, 2003).  
5.2.1.  Alerting Condition 
Analysis of ERP results from the alerting condition examined cue and target locked P1 / 
N1 responses to double cues versus no cue. 
 
 
Figure 14:  Alerting condition grand averages by group. Waveforms for the comparison 
group on the left and the mindfulness group on the right. Shading around line represents 
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standard error from the mean at every time point. Time windows for cue (-500 to -350 
milliseconds before target) and target locked (50 to 150 milliseconds) P1/N1 complexes 
are highlighted by dashed-line boxes. Waveform colors match corresponding cue 
condition colors in the legend. 
 
5.2.1.1 Cue Locked P1/N1 Responses. As predicted, the double cue condition produced 
a P1 ERP followed by an N1 (together, this forms a P1/N1 Complex, which indexes attentional 
arousal upon visual processing of stimuli, in this case a double cue versus no cue), but the ERP 
response to the contrasting (no cue) condition averaged to approximately zero. This latter finding 
suggests that participants responded in this condition only to the fixation point immediately 
preceding target presentation. A 2x2 analysis of variance (ANOVA) with factors Group 
(mindfulness, comparison) and Condition (Double Cue, No Cue) was conducted to evaluate 
significance of adaptive mean amplitudes of the N1 ERP in the time window 50-150 
milliseconds following cue presentation revealed a significant effect of Condition (F (1, 16) = 
5.135, p = 0.038, η2 = 0.141) in this time window, indicating a significant enhancement of the 
N1 ERP response for the double cue compared to no cue. Planned comparisons (independent 
samples t-tests) carried out to compare amplitudes for each Condition at each level of Group 
revealed that the effect was significant for the Mindfulness group (t (10.825) = -2.297, p = 0.043) 
but not the Comparison group (t (12.654) = -1.0473, p = 0.315). The Group x Condition 
interaction was not significant, however. No other main effects or interactions were found to be 
significant in the cue time window.  
5.2.1.2 Target Locked P1/N1 Responses. Following the cue response, the P1 and N1 
responses to onset of the target based on the preceding cue was examined (0-150 milliseconds 
following target onset). A 2x2 analysis of variance (ANOVA) with factors Group (mindfulness, 
comparison) and Condition (Double Cue, No Cue) was conducted to evaluate significance of 
adaptive mean amplitudes of the P1 ERP in the time window 50-150 milliseconds following 
target presentation revealed a significant main effect of group for the target-locked P1 response 
to (F (1, 16) = 6.330, p = 0.023, η2 = 0.214). Post-hoc t-tests by condition between groups 
revealed significant differences for the target-locked P1 response following a double cue (t 
(14.157) = 3.173, p = 0.007). Group mean for the P1 to the double cue was 11.289 microvolts for 
the comparison group and 6.143 microvolts for the mindfulness group. No other main effects or 
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interactions were found to be significant in the target-locked P1/N1 time window within the 
alerting condition. 
5.2.2  Orienting Condition 
Analysis of ERP results from the alerting condition examined cue and target locked P1 / 
N1 responses to center (on fixation) versus spatial cues (above or below fixation). Unlike the 
alerting condition, the orienting condition compares a center cue and a spatial cue, both of which 
resulted in a cue-locked P1/N1 complex for both groups and an overall smaller effect for the 
condition. A 2x2 analysis of variance (ANOVA) with factors Group (mindfulness, comparison) 
and Condition (Spatial Cue, Center Cue) was conducted to evaluate significance of adaptive 
mean amplitudes of the N1 ERP in the time window 50-150 milliseconds following cue 
presentation revealed a significant main effect of condition comparing adaptive mean amplitudes 
of the negative peaks of the center cue compared to the spatial cue approximately 50-150 
milliseconds after presentation of the cue, -500 to -350 milliseconds before target presentation, 
(F (1, 16) = 5.9225, p = 0.027, η2 = 0.050). Adaptive mean amplitude for the N1 response was 
enhanced for the spatial cue in both groups (M=-5.468, SD=3.690 for the mindfulness group and 
M=-7.603, SD=5.541 in the comparison group) compared to the center cue (M=-3.262, SD=3.533 
for the mindful group and M= -5.409, SD=6.772 for the comparison group). This enhanced N1 
negativity in both groups in response to the spatial cue relates to the added value of both 
temporal and spatial information about the following target. No other main effects or interactions 
were found to be significant in the cue or target time windows. 
 
 
Figures 15:  Grand Average Waveforms between Groups for Orienting Condition. 
Waveforms for the comparison group on the left and the mindfulness group on the right. 
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Shading around line represents standard error from mean at every time point. Time 
windows for cue conditions and flanker target locked P1/N1 complexes are highlighted 
using boxes. Waveform colors match corresponding cue condition colors in the legend. 
 
5.2.3 Congruency / Executive Condition 
 The congruency condition, which includes 1/3 neutral target stimuli with no flankers, 1/3 
trials with congruent flankers and 1/3 incongruent flankers, elicited a P1/N1 complex in response 
to target detection and a P3 response mediated by degree of conflict processing. Unlike the 
alerting and orienting conditions, only target locked P1/N1 and P3 responses will be evaluated. 
 
 
Figure 16:  Grand Average Waveforms for both Groups for the executive attention / 
 congruency condition. Waveforms for the control group on the left and the mindfulness 
 group on the right. Shading around line represents standard error from mean at every 
 time point. Time windows for time locked P1/N1 responses to target onset and P3 
 response to target congruency evaluation are highlighted using boxes, and waveform 
 colors match corresponding target condition colors in the legend. 
 
5.2.3.1 Target Locked P1/N1 Responses. Two-way repeated measures analysis of 
variance analysis of variance (ANOVA) with factors Group (mindfulness, comparison) and 
Condition (Congruent, Incongruent and Neutral) was conducted to evaluate significance of 
adaptive mean amplitudes of the P1 response within 150 milliseconds (0-150ms) following target 
onset revealed a significant main effect of group (F (1,16) = 6.828, p = 0.003, η2 = 0.150). Post-
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hoc t-tests revealed significant differences in target P1 amplitude between congruent and neutral 
(t (17) = 2.333, p = 0.048) as well as the incongruent and neutral conditions (t (17) = 2.818, p = 
0.023) between 0-150 milliseconds following target onset for the comparison group.  
5.2.3.2 Target Locked P3 Responses. Two-way repeated measures analysis of variance 
analysis of variance (ANOVA) with factors Group (mindfulness, comparison) and Condition 
(Congruent, Incongruent and Neutral) was conducted to evaluate significance of adaptive mean 
amplitudes of the P3 effect 250 to 450 milliseconds following target onset. There was no 
significant main effect of group (F (1,16) = 3.390, p = 0.084, η2 = 0.112) or condition (F (2,32) = 
2.943, p = 0.067, η2 = 0.068) but there was a significant Group by Condition interaction (F (2,32) 
= 4.335, p = 0.028, η2 = 0.953). Paired samples t-tests revealed significant differences between 
congruent and incongruent conditions for the mindfulness group (t (8) = 2.329, p = 0.048) and 
incongruent and neutral conditions for the comparison group (t (8) = 2.705, p = 0.027). 
Independent samples t-tests by condition showed significant group differences in the congruent 
condition (t (15.555) = 2.243, p = 0.040) as well as the incongruent condition (t (12.733) = 
2.700, p = 0.018). Independent samples t-tests also revealed significant differences between 
groups for the incongruent condition on frontal electrodes in the same time window (t (12.871) = 
2.423, p = 0.031) driven by enhanced amplitudes for the mindfulness group. Hence, the group x 
condition interaction for the P3 response to target congruency is a result of enhanced P3 for 
incongruent trials over congruent trials in the comparison group and enhancement for congruent 
trials over incongruent trials in the mindfulness group. 
5.2.3.3 P3 Responses on Occipital and Frontal Montages.  Linear regression of P3 
effects including group, condition and amplitudes of occipital and frontal electrodes in the same 
time window found significant correlations (r = .321, p = 0.018) between frontal and occipital 
electrodes (see electrode map in section 4.4.1). Participant demographics including age and 
income were included in the regression model but were not significant in relation to P3 effects. 
The Group-Condition interaction (F (2, 32) = 4.335, p = 0.022, η2 = 0.953) and fronto-occipital 
correlation (r = .321, p=0.018) with respect to P3 responses in evaluating target congruency 
replicates findings using the same task (ANT-C) by Rueda et al., 2005, who examined the effect 
of attention training in participants of approximately the same age.  
The attention network test is widely used in studies examining differences in attention 
between groups or in response to interventions, including mindfulness practices, that are thought 
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to improve attention. Interestingly, the data in this study align with multiple studies in which 
mixed or small effects are found, particularly when the ANT-C is used solely as a behavioral 
task. Broader implications and relations to previously published research will be discussed in the 
following chapter, but overall the data demonstrate the sensitivity of EEG as a means of 
revealing attention differences that are not accessible purely at the behavioral level. The 
following section reviews results of parent reports on standardized measures of executive 
function and empathy. 
5.3 Parent Report (Survey) Results 
 Results of parent surveys that were focused on executive function and empathy yielded 
mixed results overall between groups. The only significant comparison between groups was on 
the composite affective and cognitive empathy scale on the Griffith Empathy measure (Dadds, 
Hunter, Hawes, Frost, et al., 2008). While differences could possibly emerge with a larger 
sample it should be noted that the BRIEF (Behavioral Rating Inventory of Executive Function: 
(Gioia, Isquith, Guy & Kenworthy, 2000) in particular is used clinically at the individual level 
and has been demonstrated to be reliable between parents (comparing mother and father reports) 
as well as in test-retest stability.   
5.3.1  Behavioral Rating Inventory of Executive Function (BRIEF) 
 
 
Figure 17: Parent Survey Results on the BRIEF. No differences between group means 
were statistically significant at p < 0.05 level using two-tailed independent samples t-
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tests. Each of the individual clinical scales can be used to measure and diagnose different 
dimensions and possible deficits in executive function.  
 
While the BRIEF has been validated for children 5 to 7 years of age, anecdotal evidence from 
conversations with study parents as they attempted to accurately answer questions on the BRIEF 
suggested that some variability in the data may be explained by various factors, including 
educational differences, parental engagement in the task, and/or parental understanding and 
expectations about norms for their children, particularly in kindergarten. This latter point is 
particularly relevant for some items in the BRIEF, since questions about ability to organize 
materials for school work or metacognitive abilities may not be entirely appropriate for 
kindergarteners; or the relatively recent initiation of such activities or abilities in very young 
children may not be stable in terms of parent perception.  
Another way of looking at data from the BRIEF is to examine composite scores, as 
summarized in figure 18 below. The Behavioral Regulation Index (BRI composite) is a measure 
of inhibitory control of behavior and emotions, and it is comprised of the combined inhibit, shift 
and emotional control scales. The Metacognitive Index is a measure of self-management and 
monitoring, comprised of the scales for working memory, plan and organize, organize materials, 




Figure 18: Parent Survey Results on the BRIEF composites. No differences between 
group means were statistically significant at p < 0.05 level using two-tailed independent 
samples t-tests. Error bars represent standard error from the mean. 
 
Table 6 below provides results of independent samples t-tests on the composite scores from the 
BRIEF. It should be noted that F-tests indicated near significant inequality of variance on the 
BRIEF Metacognitive composite (F (10.91) = 4.126, p = 0.059), so t-tests were conducted 
assuming equal and unequal variance, and the statistics associated with the assumption of 
inequality are reported. 
   t  df  p  Mean Difference  SE Difference  Cohen's d  
Brief BRI   -0.593  13.05  0.563  -2.889   4.870    -0.280  
Brief MetaCog   0.411  10.91  0.689  3.667   8.917    0.194  
Brief Total   0.058  11.33  0.955  0.778   13.411    0.027  
Table 6: Independent Samples T-Tests Between Groups for Composite and Total Scores 
 
Another approach could be correlating BRIEF measures with other measures or standardized 
assessments. Because the ANT-C and the BRIEF both aim to measure different forms of 
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attention and self-regulation and also related functions like working memory, ANT-C behavioral 
scores by condition and BRIEF composite scores were evaluated for relevant correlations. Table 
7 below shows Pearson’s r values correlating behavioral accuracy on the ANT-C with BRIEF 
subtests. 









ACC-No Cue Pearson's r -0.706 ** -0.594 ** -0.656 ** 
p-value 0.001  0.009  0.003  
ACC-Double Pearson's r -0.667 ** -0.605 ** -0.649 ** 
p-value 0.002  0.008  0.004  
ACC-Spatial Pearson's r -0.610 ** -0.639 ** -0.651 ** 
p-value 0.007  0.004  0.003  
ACC-Center Pearson's r -0.720 *** -0.666 ** -0.710 *** 
p-value < .001  0.003  < .001  
ACC-Incongruent Pearson's r -0.645 ** -0.673 ** -0.686 ** 
p-value 0.004  0.002  0.002  
ACC-Congruent Pearson's r -0.688 ** -0.556 * -0.624 ** 
p-value 0.002  0.017  0.006  
ACC-Neutral Pearson's r -0.672 ** -0.600 ** -0.647 ** 
p-value 0.002  0.008  0.004  
 * p < .05, ** p < .01, *** p < .001 
 
Table 7: Correlations between accuracy on ANT-C conditions and composite BRIEF 
scores based on parent report of executive functions. Note significant negative 
correlations at the p < .05 level or below.   
The above correlations will be discussed and interpreted in the following discussion. 
 
5.3.2  Griffith Empathy Measure 
The only significant comparison between groups on either parent report measure using 
independent t-tests was the composite affective and cognitive empathy scale on the Griffith 




Figure 19: Parent Survey Results on the Griffith Empathy Measure. The only significant 
difference between group means at p < 0.05 level using two-tailed independent sample t-
tests was on the Affective and Cognitive composite measure. Error bars represent 
standard error from the mean. 
 
Independent Samples T-Tests: Griffith Empathy Composite Scores 
   t  df  p  Mean Difference  SE Difference  Cohen’s d  
Grif-Affect   -1.773  11.024  0.104  -10.889   6.141             -0.836  
Grif-Cog   -1.572  15.508  0.136  -4.889   3.110    -0.741  
Grif-AC   -2.594  8.406  0.031  -17.333   6.683    -1.223  
 
Table 8: Griffith Empathy Measure composite score comparison between groups. The 
only significant difference between group means at p < 0.05 level using two-tailed 
independent samples t-tests was on the Affective and Cognitive composite measure. Error 




The differences between groups on the Griffith Empathy Measure Affective and Cognitive 
composite are difficult to interpret in the absence of other data related to empathy. As with the 
BRIEF, the above scores were examined for correlations between groups and with ANT-C 
behavioral scores and no significant correlations were found. The lack of correlations between 
the two parent report measures are likely because the assessments measure different cognitive 
functions and there is insufficient sensitivity of the instrument or power between groups to 
meaningfully understand these survey data in relation to other measures for interpretation.  
5.4  Saliva Results 
 The following section summarizes saliva data for each participant and each measure 
taken at four times throughout the lab visit. Due to the relatively small number of participants in 
the study, differences between groups appeared to be emerging as hypothesized but did not reach 
significance at any individual time point on any measure between groups. However, there were 
limited significant differences within groups between time points, more so for the mindfulness 
group. In addition to analysis of variance and planned comparisons within and between groups 
by measure and time point, a linear mixed effects model was used to model time as a random 
effect. Quadratic slopes for individual subjects for each measure were derived from model 
coefficients and used to compare the participant responses across time points for each measure.  
5.4.1  Total Saliva Volume (g) 
 Sample volume (in grams) was measured by Salimetrics to ensure sufficient sample size 
for multiple tests. All saliva samples had sufficient volume to allow for at least one test. In two 
cases there was insufficient volume for duplicate testing; in these instances, the single test was 
used in the absence of a second measure from which a mean could be derived. There were no 
significant differences between groups at any time point for any measure in sample volume, 
evaluated using independent samples t-tests.  
5.4.2  Cortisol (µg/mL) 
 Cortisol concentrations in µg/mL for each participant, and group means at each time 
point, are plotted below in figure 20. The first cortisol sample collected upon arrival for the lab 
visit was intended to capture a baseline (pre-stress) response followed by reactivity (increase) in 
cortisol to a mild stressor (the session in which participants complete the ANT-C).  The final 
time point is 20 minutes after completion of the EEG session, collected in hopes of capturing 
recovery from the stressor (decline). Results in the plots below show concentrations at each time 
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point rather than subtractions or growth curve modeling of reactivity from baseline, as performed 
in some studies (e.g., Willoughby, Vandergrift, Blair, & Granger, 2007). Visual inspection of 
linear trend lines shows a small decline in cortisol concentration across the 4 time points for the 
mindfulness group, whereas the comparison group increases over time. Both of these effects are 
likely driven by the relative increase in cortisol seen at the final time point for both groups. There 
were no significant differences between groups at any time point, as evaluated by two-tailed 
independent samples t-tests (alpha < 0.05). Paired samples t-tests within groups between time 
points showed a significant difference between time points 3 and 4 for the mindfulness group 
only (t (8) = -2.391, p = 0.004). The same comparison between time points 3 and 4 for the 
comparison group approached but did not achieve significance (t (8) = -2.235, p = 0.056). 
 
Figure 20:  Individual and Group Plots of Cortisol in µg/mL. Lines between time points 
are linear trend lines. Error bars show standard error from the mean. 
 
Table 9: T-test differences in cortisol within and between groups. 
T-Test 







Independent Between Groups Cort 1  0.354 16 0.728 0.009 0.025 0.167 
Independent Between Groups Cort 2  0.000 16 1.000 0.000 0.027 0.000 
Independent Between Groups Cort 3  0.193 16 0.849 0.004 0.023 0.091 
Independent Between Groups Cort 4  0.824 16 0.422 0.026 0.031 0.388 
Independent Between Groups Cort Avg  0.464 16 0.649 0.038 0.081 0.219 
Paired Within Group (Mindful) Cort 1 - Cort 2  1.142 8 0.286 0.019 0.017 0.381 
Paired Within Group (Mindful) Cort 1 - Cort 3  1.778 8 0.113 0.027 0.015 0.593 
 
74 
Paired Within Group (Mindful) Cort 1 - Cort 4  0.053 8 0.959 0.001 0.021 0.018 
Paired Within Group (Mindful) Cort 2 - Cort 3  0.490 8 0.637 0.008 0.016 0.163 
Paired Within Group (Mindful) Cort 2 - Cort 4  -0.772 8 0.462 -0.018 0.023 -0.257 
Paired Within Group (Mindful) Cort 3 - Cort 4  -2.391 8 0.044 -0.026 0.011 -0.797 
Paired Within Group (Comparison) Cort 1 - Cort 2  1.340 8 0.217 0.028 0.021 0.447 
Paired Within Group (Comparison) Cort 1 - Cort 3  1.952 8 0.087 0.031 0.016 0.651 
Paired Within Group (Comparison) Cort 1 - Cort 4  -0.572 8 0.583 -0.016 0.027 -0.191 
Paired Within Group (Comparison) Cort 2 - Cort 3  0.289 8 0.780 0.003 0.012 0.096 
Paired Within Group (Comparison) Cort 2 - Cort 4  -1.374 8 0.207 -0.043 0.032 -0.458 
Paired Within Group (Comparison) Cort 3 - Cort 4  -2.235 8 0.056 -0.047 0.021 -0.745 
 
Cortisol was included in the current study as a widely-used comparison measure for the other 
two salivary measures of stress that were predicted to show larger effects between groups 
associated with mindfulness practice and in response to a mild stressor. Interpretation of cortisol 
data in relation to other measures and generally in other studies examining the effects of 
mindfulness practices in children will be discussed in the following chapter. 
5.4.3  Alpha Amylase (U/mL) 
 Salivary alpha amylase (sAA) was predicted to show the most significant differences 
between groups given its short reactivity lag (approximately 7 minutes compared to 20 to 30 
minutes for cortisol) and sensitivity to differences in engagement related to a mild stressor. 
Further, while alpha amylase and cortisol are generally correlated despite the differences in 
response reactivity, alpha amylase has been shown to be a better measure of short-term “state” 
effects compared to longer-term “trait” differences between groups that could be signs of 
extended exposure to stress, underdeveloped top-down control of stress associated with 
differences in frontal lobe development, or maladaptive early development of the stress response 
system (Takai et al., 2005). The plots below show sAA concentrations by individual participant 
at each time point and group means at each time point in U/mL. There were no significant 
differences between groups at any time point, but some emerging differences can be observed 
between groups that may relate to differences in task engagement. Like cortisol, but only in the 
mindfulness group this time, there is an increase in sAA at the final time point when a decrease 
was predicted. This increase was non-significant. See t-tests comparing sAA concentrations 




Figure 21:  Individual and Group Plots of Alpha Amylase (sAA) in U/mL. Lines between 
time points are linear trend lines. Error bars show standard error for group averages by 
time point. 
 
Table 10: T-test differences in sAA within and between groups summarized below. 
T-Test 







Independent Between Groups sAA 1  -0.152 16 0.881 -1.864 12.246 -0.072 
Independent Between Groups sAA 2  -1.251 16 0.229 -24.704 19.744 -0.590 
Independent Between Groups sAA 3  -0.259 16 0.799 -5.127 19.795 -0.122 
Independent Between Groups sAA 4  -1.597 16 0.130 -30.689 19.211 -0.753 
Independent Between Groups sAA Avg  -1.100 16 0.287 -15.597 14.173 -0.519 
Paired Within Group (Mindful) sAA 1 - sAA 2  -1.447 8 0.186 -22.118 15.281 -0.482 
Paired Within Group (Mindful) sAA 1 - sAA 3  -1.333 8 0.219 -10.538 7.904 -0.444 
Paired Within Group (Mindful) sAA 1 - sAA 4  -2.181 8 0.061 -27.734 12.716 -0.727 
Paired Within Group (Mindful) sAA 2 - sAA 3  1.151 8 0.283 11.580 10.059 0.384 
Paired Within Group (Mindful) sAA 2 - sAA 4  -0.753 8 0.473 -5.617 7.455 -0.251 
Paired Within Group (Mindful) sAA 3 - sAA 4  -1.873 8 0.098 -17.197 9.182 -0.624 
Paired Within Group (Comparison) sAA 1 - sAA 2  0.059 8 0.955 0.722 12.299 0.020 
Paired Within Group (Comparison) sAA 1 - sAA 3  -0.491 8 0.637 -7.276 14.815 -0.164 
Paired Within Group (Comparison) sAA 1 - sAA 4  0.094 8 0.928 1.090 11.653 0.031 
Paired Within Group (Comparison) sAA 2 - sAA 3  -0.432 8 0.677 -7.998 18.504 -0.144 
Paired Within Group (Comparison) sAA 2 - sAA 4  0.023 8 0.982 0.368 15.798 0.008 




The multiple changes in slope observed in alpha amylase makes analysis of linear trends 
difficult, providing support for more advanced analysis approaches including linear mixed 
effects modeling and growth curve analysis as they handle the issue of multiple fluctuations 
commonly observed in time series data with significant gaps between samples (Engert et al., 
2011). Results of linear mixed effects model analysis are presented at the end of this chapter. 
5.4.4  Secretory Immunoglobulin A (µg/mL) 
 Of all the saliva measures presented here, secretory Immunoglobulin A (SIg-A) is the 
least studied or understood. However, its difference in reactivity related to different kinds of 
stress could be of great interest in larger samples (Tsujita & Morimoto, 1999). In this study, SIg-
A was included to provide an index of immune reactivity associated with a healthy immune 
response or a more positive stressor and because it has been shown to be sensitive to relaxation 
(Green & Green, 1987; Olness, Culbert, & Uden, 1989) including mindfulness practices in 
children (Tang, et al., 2007). Figure 22 shows concentrations of Secretory Immunoglobulin A in 
µg/mL for each participant, and the group mean, at each time point. See t-tests comparing SIg-A 
concentrations within and between groups at different time points, in table  11 below. 
 
Figure 22:  Individual and Group Plots of Secretory Immunoglobulin A (SIg-A) in µg/mL. 
Lines between time points are linear trend lines. Error bars show standard error for 







Table 11: T-test differences in secretory Immunoglobulin A (SIg-A) within and between groups.  
T-Test 







Independent Between Groups SIgA 1  -1.443 16 0.168 -47.863 33.161 -0.680 
Independent Between Groups SIgA 2  -1.403 16 0.180 -61.218 43.643 -0.661 
Independent Between Groups SIgA 3  -1.223 16 0.239 -49.907 40.811 -0.576 
Independent Between Groups SIgA 4  -0.682 16 0.505 -20.929 30.676 -0.322 
Independent Between Groups SIgA Avg  -1.265 16 0.224 -44.982 35.573 -0.596 
Paired Within Group (Mindful) SIgA 1 - SIgA 2  -1.810 8 0.108 -31.450 17.373 -0.603 
Paired Within Group (Mindful) SIgA 1 - SIgA 3  -1.089 8 0.308 -16.421 15.077 -0.363 
Paired Within Group (Mindful) SIgA 1 - SIgA 4  2.700 8 0.027 37.808 14.003 0.900 
Paired Within Group (Mindful) SIgA 2 - SIgA 3  0.991 8 0.351 15.029 15.170 0.330 
Paired Within Group (Mindful) SIgA 2 - SIgA 4  4.202 8 0.003 69.258 16.483 1.401 
Paired Within Group (Mindful) SIgA 3 - SIgA 4  3.921 8 0.004 54.229 13.831 1.307 
Paired Within Group (Comparison) SIgA 1 - SIgA 2  -2.279 8 0.052 -18.096 7.940 -0.760 
Paired Within Group (Comparison) SIgA 1 - SIgA 3  -1.184 8 0.271 -14.378 12.148 -0.395 
Paired Within Group (Comparison) SIgA 1 - SIgA 4  0.980 8 0.356 10.873 11.097 0.327 
Paired Within Group (Comparison) SIgA 2 - SIgA 3  0.241 8 0.816 3.718 15.452 0.080 
Paired Within Group (Comparison) SIgA 2 - SIgA 4  2.583 8 0.032 28.969 11.213 0.861 
Paired Within Group (Comparison) SIgA 3 - SIgA 4  2.833 8 0.022 25.251 8.912 0.944 
 
Secretory Immunoglobulin A (SIg-A) changes over time show a more consistent slope that is 
similar for both groups. There were significant within mindfulness group difference between the 
final time point after the EEG session from all other time points: a significant decline from time 
points 1 (t (8) = 2.700, p = 0.027), 2 (t (8) = 4.202, p = 0.003) and 3 (t (8) = 3.921, p = 0.004). 
The comparison group showed significant differences (decline) from time 2 (t (8) = 2.583, p = 
0.032) and 3 (t (8) = 2.833, p = 0.022).This could relate to greater stability of the measure or its 
slower reactivity in relation to short-term stressors. Studies have shown that SIg-A has short (one 
hour) and long term reactivity (months), whereas other measures like sAA and cortisol have been 
shown to have a diurnal decline that increases in response to a stressor but generally recovers in 
7 and 30 minutes respectively (e.g., Deinzer et al., 2000). 
In the absence of significance between groups at any time point or measure using 
traditional analyses, planned comparisons, or variance approaches, a linear mixed effects model 
approach was applied to the saliva data. However, this approach also did not reveal significant 
 
78 
group differences for any measure with time as a random factor. Demographic variables 
including income and gender were entered into the model and did not serve as significant 
predictors of variance for any measure. Comparing slopes by group by measure revealed that all 
group differences were non-significant (alpha amylase: t (16) = 1.803, p = 0.090; SIg-A: t (16) = 
1.951, p = 0.069; cortisol: t (16) = 0.438, p = 0.667) but unlike the previous reported results 
comparing means within and between groups at more limited time points, this analysis takes into 
account the reactivity curve across all time points, better capturing reactivity differences between 
groups and between different measures. The plots below (figure 23) show both linear (dashed) 
and polynomial (solid) trend lines for all saliva measures, as a means to visualize the difference 
in effects based on the analysis model and how well they fit the data.  
 
Interpretations of the saliva findings are discussed, along with other study findings, limitations, 








 The aim of this dissertation study was to evaluate the effects and interactions of attention 
and stress associated with intensive mindfulness training in young children in relation to a 
matched comparison group. The measures utilized in the study and the complexity of the study 
findings demonstrate the challenge and value of quantifying interactions between biological 
systems thought to be affected by interventions in early childhood using multiple modalities. The 
observed differences in physiological measures of attention and stress suggest that mindfulness-
based practices affect engagement of attentional networks (primarily observable using functional 
brain imaging) which in turn may be associated with differences in regulation of the stress 
response system. While the study design does not permit drawing of direct connections between 
mindfulness practices and increased engagement of frontal executive functions, it offers a 
promising approach and suggestive preliminary data for understanding mechanisms through 
which mindfulness practices may influence biology and behavior. The following discussion will 
summarize and interpret data from each study measure, as well as illustrating the relationships 
between measures and the theoretical relationships with mindfulness practices.  
The first research question of the study concerned the evaluation of mindfulness practices 
and their effects on attentional networks assessed by the Attention Network Test for Children, as 
indexed by behavioral and event related potential responses and two standardized parent report 
measures. The following sections review and interpret attention-related results suggesting that 
measures showed varying degrees of sensitivity to study effects, with ERP measures revealing 
the most significant differences in attention within and between groups. 
6.1 ANT-C Behavioral Findings 
Behavioral data from both groups showed predicted and previously reported effects of 
cueing and congruency on reaction times and accuracy of behavioral responses to target stimuli 
(Fan, McCandliss, Sommer, Raz & Posner, 2002; Rueda et al, 2004;). The alerting (Posner, 
2008) and orienting (Posner, 1980) networks assessed by the ANT-C have been shown to be 
independent uncorrelated networks that influence baseline states of arousal, as well as responses 
to warning cues (in the ANT-C tasks, the warning cues provide temporal information (double 
cue, center cue) or both temporal and spatial information (single cues above or below the 
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fixation)). The replication of previous patterns of task-related behavioral results supports the 
reliability of the ANT, as demonstrated by Ishigami & Klein (2010), who found variable, 
generally high test-retest reliability of ANT, showing that multiple assessments for individuals 
increased the measured degree of independence between attention networks. As mentioned in the 
results (section 5.1.1), researchers have used varying approaches to analyzing and reporting ANT 
data, both in terms of the comparisons that are made between individual or contrasting 
conditions and how those scores are reported (e.g., as difference scores, averages or multi-level 
nesting of conditions to examine more complex dynamics; Hussain & Wood, 2009; MacLeod et 
al., 2010). To achieve sufficient power to show significant differences between individual 
conditions requires large sample sizes of over 200 participants with well controlled and balanced 
demographic groupings to examine interactions between factors such as age, gender and race on 
reaction times and accuracy of individual ANT conditions (Mezzacappa, 2004). Subtraction of 
scores for contrasting conditions to create network scores for each condition, a method originally 
established by Fan et al. (2002), is an approach that can reveal significant differences between 
smaller groups of less than 20. 
Several studies utilizing the ANT as a behavioral measure (and the network score 
approach) to study the effects of mindfulness practices on attention networks found mixed, small 
effects on alerting and orienting based on different types of practice (focused attention versus 
open awareness; e.g Tang & Posner, 2009; Baijal, Jha, Kiyonaga, Singh & Srinivasan, 2011) as 
well as duration (short-term MBSR training versus long-term intensive retreats; Jha et al., 2007). 
Correlating accuracy and reaction time measures to specific mindfulness practices remains 
speculative, as most studies utilized cross-sectional convenience samples comparing novice 
versus expert meditators, or meditators with similar amounts of reported experience but different 
practices.  
The current study employed a widely-used task for which comparable behavioral and 
ERP data are available, and collected data related to mindfulness training from the exact same 
intensive, high quality mindfulness program carried out in school 3 to 5 days weekly for 40 
minutes for at least one school year. This framework permits observations and insights not 
available from previous studies. For example, Fernando (2013) found a significant effect of 
alerting on the ANT, but reported the effects as “not meaningful” in relation to the intervention 
compared to other task conditions that failed to reach significance, likely a result of variance 
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within and between groups and the relatively smaller effect size of other network score 
conditions. Other studies utilizing the ANT as a behavioral measure or as a neuroimaging task 
interpreted significant alerting network differences as a measure of tonic arousal and the ability 
to remain alert and ready in the absence of a supporting cue (Posner, 2008) in early development 
(Rueda et al., 2004), and as a meaningful difference in subsystems of attention between 
mindfulness practitioners and controls (Jha et al., 2007). Considered in the context of the ANT-C 
paradigm, particularly in extended sessions with more trials required for functional brain 
measures, alerting differences serves as a measure of not only tonic alertness but attentional and 
task related vigilance (Petersen & Posner, 2012). Further, tonic and phasic arousal levels relate to 
engagement of the autonomic nervous system (Kaufman, Plotsky, Nemeroff, & Charney, 2000). 
In another study that demonstrates the methodological, statistical and interpretive 
challenges of evaluating mindfulness-based practices across classrooms using multi-domain 
measures, Schonert-Reichl, Oberle, and Lawlor (2015) collected pretest and posttest data on a 
large (N=99) randomized sample evaluation of a mindfulness-based social emotional learning 
program (MindUp: see description in section 1.2.3.1). They studied 4th and 5th graders who took 
part in the program, compared to those enrolled in the school’s regular social learning lessons.  
Participants carried out two tasks similar to the ANT, utilizing flankers and congruency 
differences to evaluate executive function. Basic pre-test and post-test comparisons between 
groups revealed no significant differences, interpreted by the authors as resulting from general 
methodological and statistical challenges in classroom-based studies, related to assumptions 
about independence of subjects and the nature of random and fixed effects. However, multilevel 
modeling of the post-test data including group, baseline (pre-test) scores, age, gender, 
classification as an English as a second language learner (ESL), and accuracy produced a 
significant post-test effect by group for both executive function tasks. In addition to 
demonstrating the kinds of analytic methods required to handle behavioral data on executive 
function tests in evaluating a randomized multi-classroom evaluation of intervention effects, the 
study also collected salivary cortisol that showed complex, unexpected effects (discussed further 
below). Overall, Schonert-Reichl, Oberle, and Lawlor (2015) exemplified the challenges, 
potential promise and possibilities for future directions of collecting behavioral and biological 
measures to study the effects of mindfulness. The present study demonstrated that use of the 
ANT-C (or similar attention and/or executive function tasks) as a functional imaging task, rather 
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than as a behavioral task alone, can provide additional insights into the multiple effects of 
mindfulness practices on attention and executive function. 
6.2 ANT-C ERP Findings 
The ERP data showed differences within and between groups that align with previous 
behavioral and ERP studies utilizing the ANT-C across development and in response to attention 
training (e.g. Rueda et al., 2005). The mindfulness group showed significant enhancement of N1 
ERP components in response to the alerting and orienting conditions. This could be an early 
indicator that the mindfulness group attended to the cues more than the comparison group. Cue 
and target-locked P1/N1 amplitudes are modulated by cue condition, and it has been previously 
pointed out that enhancement of early perceptual components by selective and directed attention 
is based on whether the cue is considered relevant at the early sensory level (Neuhaus et al., 
2010, based on a number of studies going back to Näätänen, 1967). Further, the relevance or 
utility of the cue (neutral, temporal or spatial) should further enhance these early components, so 
the largest enhancement should be seen in the spatial cue condition (because the spatial cue also 
provides temporal information). In the present study, the observed P1/N2 ERP related to 
perceiving and attending to target onset, and the P3 effect associated with evaluation of target 
stimuli, differed by condition and group. In the mindfulness group, P1/N2 amplitudes for 
congruent and incongruent targets were similarly enhanced compared to the much lower 
amplitude responses to neutral targets with no flanker. The comparison group, by contrast, 
showed a fairly even spread in P1/N2 amplitudes with P1 amplitudes enhanced to both 
incongruent and neutral targets. As discussed before, the early attentional response related to 
perception and initial attention to a stimulus indicates that both groups attended to relevant 
congruent targets resulting in increased P1 amplitude compared to incongruent and neutral 
targets. The reduced P1 for targets could relate to reduced processing effort, or to differences in 
visual complexity or salience (e.g., 1 fish in the stimulus set, instead of 5).  
The P3 responses for the mindfulness group were greatest for congruent and neutral 
trials, with more attenuated responses for incongruent trials. For the comparison group, the P3 
response showed largest enhancement for incongruent trials, with some enhancement for the 
congruent condition and smallest response to the neutral target. Neuhaus et al.’s (2010) ERP 
study utilizing the ANT demonstrated that the parietal / occipital P3 was attenuated for 
incongruent trials, and this was mediated by task difficulty and differential engagement of frontal 
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regions in monitoring and inhibiting conflicting flankers. Since the comparison group showed 
enhanced P3 amplitudes for both incongruent and congruent targets compared to the mindfulness 
group, this could suggest that the comparison group required more effort to respond to targets 
with flankers and to utilize cues to facilitate fast and accurate responses. The mindfulness group 
shows reduced amplitude P3 responses, possibly because the task was easier for them to 
complete; this may indicate that they utilized cues more effectively to enhance performance.  
In addition to behavioral measures, the topographical distribution of ERP effects in 
response to ANT conditions provides an index of contributions from key brain structures 
involved in different forms of attention. For example, the degree of right frontal lateralization 
(particularly engagement of the anterior cingulate) has been identified as a marker of increased 
attention from infancy through adulthood (Posner, 2008; Perry, Swingler, Calkins & Bell, 2016). 
The P3 enhancement in the mindfulness group may, therefore, also possibly reflect greater 
involvement of frontal areas like the anterior cingulate and the dorsolateral prefrontal cortex to 
monitor and resolve conflict related to congruent or conflicting target flankers.  
The only published study to report ERPs associated with ANT-C performance in children 
approximately the same age (4 years) as participants in the current study (5 to 7 years) was 
carried out by Rueda, Posner, Rothbart and Davis-Stober (2005). As discussed in Chapter II, 
Rueda et al. provided evidence of ERP differences in children randomly assigned into 
computerized attention training and control groups. Visual inspection of waveforms showed 
similar effects to those reported here (specifically, the flipped enhancement for congruent versus 
incongruent trials in the P3 – see Chapter II, figure 4 from Rueda et al., 2005). Rueda et al. 
(2005) provided key evidence that the observed P3 effect differences in young children are 
associated with attentional training given that participants, otherwise matched on demographic 
factors, showed differences in ERP responses to congruent versus incongruent target trials. 
While solidly grounded in terms of the theoretical framework, study approach, and interpretation 
of previous results using the same task in different methodologies and populations, the ERP 
analysis approach taken by Rueda et al. deviates from standard practice in a number of ways. For 
example, unusually narrow filtering of the raw EEG data is applied (using a 1-12 Hz FIR 
bandpass), that would remove significant power from ERPs generally below 1 Hz as well as P3 
specific gamma activity. Methodological papers in ERP research (e.g., Tanner, Morgan-Short & 
Luck, 2015) demonstrate that using a high-pass filter above .3 Hz can distort ERP waveforms, 
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dramatically altering effects. In the case of the unusual filter settings used in Rueda et al. (2005) 
it is likely that the P3 observed in the waveforms is greatly attenuated, because of the narrow 
band of the remaining signal. There was no significance in the traditional time window for a P3 
effect, so Rueda et al.’s analyses were conducted on a component labeled as a very delayed P3, 
between 660 and 1120 milliseconds following target presentation. This time window was chosen 
post hoc, because it was the window in which there were significant differences by condition. In 
addition to the nontraditional time window for the P3 effect, the montage of channels used for 
analysis of the P3 is not in agreement with other published literature using the same task (e.g., 
Neuhaus et al., 2010); Rueda et al. used a right lateralized asymmetrical montage of channels 
over which the effect was observed and significant, rather than an a priori montage based on 
previous studies or consideration of underlying generators. Methodological issues aside, the 
overall similarities in the P3 effects related to attentional differences can be seen Rueda et al.’s 
(2005) waveforms and those from the present study. Interpretation of findings, particularly in 
relation to Fan, McCandliss, Fossella, Flombaum and Posner’s (2005) fMRI showing ACC 
activation related to conflict monitoring (early perception of the target and flankers) and PFC 
activation related to conflict resolution (evaluation and behavioral response to congruent or 
conflicting flankers surrounding the target), suggest attention is malleable in early development 
and responsive even to short-term training. As previously discussed in the background, 
multimodal data including genetics and functional imaging offer new methods for gaining deeper 
understanding of training effects, the degree to which they transfer and interact throughout the 
central and peripheral nervous system (Voelker, Sheese, Rothbart & Posner, 2015). 
The ERP results from the current study show that there are attentional differences 
between groups, associated with mindfulness practices. The evidence for these differences from 
behavioral findings alone would have been far weaker, due to the lack of significance in the 
behavioral findings between groups at most levels. The convergence of ERP and fMRI studies 
using the ANT (discussed above) supports interpretation of P3 effects as meaningful differences 
not only in terms of effort required to respond quickly and accurately, but also in terms of the 
likely mediation of differences by differential frontal engagement, specifically the anterior 
cingulate, in monitoring and resolving cognitive conflict. Enhancement of ACC activation is of 
particular importance as the ACC plays a key role in the limbic system, which regulates 
emotions and exerts top down control over the stress response system. Further, the ACC is the 
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most common brain structure shown to be affected by mindfulness practice (Tang, Hölzel, & 
Posner, 2015). Hence the topographical finding that frontal (ACC) modulation of posterior P3 
responses was enhanced in the mindfulness group could relate to the study findings on 
differences in stress reactivity.  
6.3 Stress: Saliva Findings 
 The second research question guiding the current study concerned evaluation of the 
effects of mindfulness training in young children on the stress response, using 3 differently 
reactive measures of stress found in saliva. The saliva measures offer interesting additional 
insights not only into the effects of mindfulness practice on children but also into the 
controversial relationship between the three salivary measures. Cortisol and alpha amylase are 
the two most common studied measures of stress, both markers of HPA axis function (as well as 
sympathetic nervous system activity in the case of alpha amylase) and generally highly 
correlated, with an approximate 23-minute difference (7 minutes for alpha amylase versus 
approximately 30 for cortisol) in measureable responses to stressors (Engert et al., 2011). There 
were no significant differences within or between groups for alpha amylase, possibly because of 
its quick reactivity in response to stressors, which likely led to more variability between groups 
compared to the other slower-responding measures. While these two markers of stress are often 
correlated, differences in frequency of sampling as well as the nature of the stressor being 
evaluated (e.g., intensity, length of exposure) and the type of planned analysis (e.g., examining 
the morning awakening response versus baseline, reactivity and recovery time from a lab-based 
stressor) can produce very different results (Out, Granger, Sephton, & Segerstrom, 2012). The 
other salivary metabolite examined here, secretory Immunoglobulin A (SIg-A), is the least 
studied of the three measures and therefore is the most difficult to interpret given that there is 
considerably less certainty about the nature of reactivity and typical levels for different groups 
throughout the day. However, its difference in reactivity related to different kinds of stress could 
be of great interest in larger samples (Tsujita & Morimoto, 1999). SIg-A was included to provide 
an index of immune reactivity associated with a healthy immune response, or a more positive 
stressor; and because it has been shown to be sensitive to relaxation (Green & Green, 1987; 
Olness, Culbert, & Uden, 1989) including mindfulness practices in children (Tang, et al., 2007). 
Due to the relatively small number of participants in the study, differences between groups 
appeared to be emerging as hypothesized but did not reach significance at any individual time 
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point on any measure between groups. Limited significant differences within groups between 
time points did emerge, however, more so for the mindfulness group. There were significant 
differences for the mindfulness group between the two final time points of cortisol measurement 
and between time 4 and all other preceding samples measures of SIgA. The comparison group 
showed significant differences between the final measure and times two and three compared to 
the final sample of SIgA. The significant differences between the final SIgA sample and 
preceding samples indicate that both groups showed a possible reactivity response to the 
challenge of the ANT-C and EEG session; the steep decline of the final sample could be driven 
by the relaxation following the session when participants were playing in the lab. A limitation for 
all measures that should be considered, both in terms of the observed effects and potential future 
directions, is the presence of a parent/guardian with the child throughout the protocol except for 
at the end. The final part of the protocol is when the parent was asked to complete the surveys of 
executive function and empathy on a computer while their child played with a member of the 
lab. The presence of the parent in the EEG chamber while the child completed the ANT-C could 
have reduced the two reactivity time points (times 2 and 3) for all measures and then the 
disengagement from the parent (completing the parent report measures), combined with the 
change in task valence, could explain some of the effects observed on the final saliva measure. 
All of these factors, including observation and quantification of parent-child interactions, could 
be considered as practical adaptations in future studies.   
With the minimal number of significant differences within or between groups, and the 
small amount of data available in the sample, it is currently difficult to interpret the saliva data in 
relation to the effects of mindfulness training broadly. However, together the markers show 
promising differences between groups that may be better understood with advanced statistical 
approaches, like those implemented by Willoughby, Vandergrift, Blair & Granger (2007), using 
growth curve analysis and multilevel modeling. Schonert-Reichl, Oberle, and Lawlor (2015) also 
showed the value of multilevel modeling in interpretation of otherwise non-significant effects of 
measures like cortisol, through approaches that account for variance within and between groups 
using behavioral and demographic features. Advanced data analysis techniques like these could 
be applied in the future to the saliva data. However, the current study indicates that certain 
salivary measures hold promise for evaluating changes in stress responses for children engaged 
in mindfulness practices, given larger samples and more effective control of additional variables. 
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In concert with the ERP findings, saliva data could also provide insight into the engagement of 
the anterior cingulate cortex seen to be enhanced in the mindfulness group. Given that the ACC 
is the most common brain structure affected by mindfulness practice (for reviews see Fox et al., 
2014; Tang, Hölzel, & Posner, 2015) and an essential part of top-down regulation of emotions 
and the stress response system (Lane et al., 1998; Allman, Hakeem, Erwin, Nimchinsky & Hof, 
2001; Lederbogen, 2011), insights into the mechanisms that underpin such changes would 
constitute a valuable contribution. 
 Efforts to build evidence-based models aimed at understanding the effects of 
mindfulness-based practices should use established, sensitive measures to measure the multi-
system effects of these integrated practices. The current study demonstrates that EEG may be the 
most promising methodology in terms of cost and sensitivity, even in small samples, to provide 
fine-grained evidence of the possible effects of mindfulness. With this and the comparably larger 
sample sizes and costs associated with salivary research, one could conclude that building a more 
complete evidence base and model for the effects of mindfulness based on EEG studies of 
executive and other cognitive functions including emotional regulation, could better support our 
understanding of top-down regulation of stress. That being said, there are a number of very 
interesting directions to go with saliva measures, including collecting parent and child data to 
understand heritability of different factors, as well as looking at genetic phenotypes related to 
attention and executive functions. The study of mindfulness practices in children presents unique 
methodological challenges in measurement and alignment of multimodal data, particularly in 
terms of effective statistical modeling of data that allow for meaningful interpretation. 
Nevertheless, this and other studies are improving and refining approaches for studying these 
complex phenomena.  
6.4 Study limitations and delimitations 
The protocol and measures used in this dissertation study provide useful insights into 
both the effects of a mindfulness program on executive functions and attention in early 
development as well as the sensitivity of, and possible interactions between, behavioral and 
biological measures used to evaluate these effects. The study was initially designed as a 
comparison between children in a school who all received the same, frequent, high quality 
instruction from the same teacher compared to a different school in which many other factors 
were matched, including demographics of students and curriculum. The only meaningful 
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difference between the two target schools would have been the mindfulness program in one 
school versus traditional flexible education time used for physical education, art and other 
extracurricular activities in the other. Unfortunately, the comparison school chose not to 
participate in the study upon initiation of data collection and as a result, students from other 
schools in the same area that responded to recruitment materials and reported no experience with 
mindfulness based practices were used as a comparison group. This resulted in a heterogeneous 
comparison sample that varied along sociodemographic and other dimensions with respect to the 
mindfulness group. Attempts were made to match participants in groups as closely as possible, 
but the demographic differences between groups (especially gender and family income) may 
constitute confounding factors related to attention and stress. Therefore, the lack of matching 
between the groups constitutes a limitation for interpretation and generalization of findings.  
Overall a majority of participants reported incomes above the poverty level (adjusted for 
cost of living in New York City), but the mindfulness group skewed towards lower income 
levels. It is unclear the degree to which the effects observed in the study would be different in 
higher income populations. Previous research indicates that lower income children have reduced 
executive function, but that executive and other neurocognitive functions are malleable, 
particularly in the early years of development (Noble et al, 2005; Hackman & Farah, 2009). 
Given that the mindfulness group in the current study were from lower income families 
compared to controls, the effects reported here could have been artificially attenuated, and 
findings might become stronger if compared to socioeconomically matched controls. 
Sociodemographic factors in the sample were not significantly different between groups and did 
not serve as significant predictors of observed effects; nevertheless, better matching or larger 
samples that would allow sufficient power to subgroup based on factors such as socioeconomic 
status (indexed by income to needs ratio), gender, and even smaller age groupings could likely 
offer valuable insights into effects and will be the primary focus of additional data collection 
efforts.  
Self-report of socioeconomic factors was collected based on recommended best practices 
(Bradley & Corwyn, 2002) but there was observed and anecdotal evidence that some 
demographic data reported in the current study did not adequately quantify meaningful family 
and neighborhood factors that could explain considerable variance within and between groups. 
For example, families in both groups mentioned circumstances such as living with family 
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members with higher income that they reported as part of their household income, while others 
indicated that their income was artificially low because they were in graduate school, and they 
did not include student loans or savings in income measures. 
The current study used a sample of children engaged in mindfulness practices drawn 
from an all-girls school. Even though the sample was ideal in other respects, including the 
controlled dosage of mindfulness engagement and consistency of experience / practice 
throughout the group, nevertheless gender is known to be a factor that influences executive 
functions at different developmental stages (e.g., Blakemore & Choudhury, 2006). Gender was 
evaluated as a possible factor in the regression analysis described in chapter 5, and found to be 
non-significant as a predictor of observed differences in ERP measures between the mindfulness 
and comparison groups. Nevertheless, inclusion of males in the mindfulness group would be a 
priority for additional data collection for the current study or for future work. The school from 
which all participants in the mindfulness group were recruited has a matched all-boys school that 
is considering adding the mindfulness curriculum in their school. This could serve as an ideal 
balance for gender in future studies. 
A goal of this study was to examine the relationships between data in multiple domains to 
gain additional understanding into the relationship between attention, stress and mindfulness 
training. The present study reports within and between group differences mostly separately by 
measure. As discussed in relation to behavioral data above and demonstrated by studies like 
those of Fernando (2013) and Schonert-Reichl, Oberle, and Lawlor (2015), evaluating 
differences on a variety of behavioral and physiological measures requires statistical analysis 
approaches that appropriately handle methodological challenges and assumptions about the non-
independence of participants, as well as other fixed and random factors affecting classroom-
based intervention research. The integrated analysis of behavioral and ERP data could allow for 
inferences to be made about the degree to which cues facilitated response time and accuracy in 
each condition, and about how those behavioral responses relate to the morphology of 
corresponding waveforms for each attention network condition. While the present dataset does 
not have sufficient power to allow for direct analysis of relationships between saliva and ERP 
measures, it may be that a correlation could emerge, with a larger data set, between the 
amplitude of perceptual ERP components (P1/N1 complexes to cue and target perception) as a 
measure of attentional arousal, and salivary alpha amylase concentrations as a marker of 
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engagement of the sympathetic nervous system in response to a stressor or task (Nater & 
Rohleder, 2009). Cortisol and alpha amylase levels might also relate to behavioral performance 
on the ANT-C, with cortisol increasing with number of errors, and alpha amylase concentrations 
relating to shorter reaction times and greater task vigilance (Rueda et al, 2004; Hatfield, 
Hestenes, Kintner-Duffy, & O’Brien, 2012).  
The challenge with all of these measures is finding reliable ways to objectively assess 
engagement and vigilance in the task. This is clearly impacted by the emotional states of 
participants, which are difficult to evaluate in young children. At the start of the present study, 
participants were asked to rate how they felt in relation to specific protocol events (on arrival, 
after application of EEG net, after practice blocks, before 3rd block of ANT-C and after the EEG 
session when the participant was playing with a member of the lab). However, the scale was 
found to be very unreliable as participants, even if they were upset, would answer that they were 
happier than they appeared to be. The self-report emotional rating scale was therefore 
discontinued as part of the data collection protocol. While the absence of a reliable self-report 
measure for emotional states in children under 7 years of age is a limitation, a standardized 
parent report examining child emotional states such as the Ages and Stages Questionnaire 
(Squires, Bricker & Potter, 1997) could provide additional information about social emotional 
development that are not adequately covered by the parent reports of empathy and executive 
function used in the current study. 
 The parent report surveys of child empathy and executive function provided little insight 
into group level differences, but multilevel modeling of individual scores on subtests along with 
other behavioral and physiological measures could help account for observed variance within 
and between groups. The small effect sizes and minimal differences in group means suggest that 
the BRIEF may not provide sufficient sensitivity to measure mindfulness intervention effects in 
early childhood. It is possible that more direct measurement of abilities and the use of 
physiological measures, including functional brain imaging, could provide more meaningful 
insights into intervention effects. It is difficult to interpret the negative correlations between the 
two behavioral measures given that neither measure alone revealed significant differences 
between the experimental groups, but the relatively larger effect sizes observed in the ANT-C 
behavioral data could explain some significance between measures. The ANT-C appears to 
provide a more direct measure of attention and executive function, whereas the BRIEF is a 
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composite of parent observation and report of behavior in multiple domains that may be difficult 
to rate on standardized rating scales, particularly in early development when many of the 
functions it evaluates are just emerging. Given that the study examines a school-based program, 
teacher report may be more reliable than parent report on these measures, since the teacher is in a 
position to actually observe children participating in mindfulness activities, and therefore may 
have a sense of how they engage and the effects of their engagement in the classroom. Rather 
than teachers, an independent in-classroom observer would be ideal, as there could be 
differences in teacher response based on whether or not the teachers were themselves teaching 
mindfulness to students. Additionally, an observational measure aimed at quantifying child 
engagement with mindfulness-based classroom activities would be useful, but such a measure 
does not currently exist. The best available option, used in other studies including Schonert-
Reichl, Oberle, and Lawlor (2015), would be the Child and Adolescent Mindfulness Measure 
(CAMM; Greco, Baer & Smith, 2011), a developmentally appropriate assessment that aims to 
quantify aspects of mindfulness using rating scale questions. Classroom observational data 
looking at interactions between children and teachers and other traditional measures of 
educational environment and achievement (assessment scores, grades) could be important factors 
to examine, too, but the New York City Department of Education policy does not allow direct 
data collection, including child, teacher or classroom observation or evaluation in public schools; 
so this work would have to be undertaken elsewhere.  
6.5 Conclusions 
The current study demonstrates the feasibility, sensitivity and reliability of 
electroencephalographic (EEG) measures of attention and salivary measures of stress in 
measuring biological changes associated with mindfulness practices in children aged five to 
seven. Widely used and reliable behavioral measures showed no significant differences between 
groups, whereas EEG measures showed significant group differences in event-related potentials 
associated with different attention network responses elicited by the Attention Network Task for 
Children (ANT-C). The multiple salivary measures for stress did not reach significance but 
showed hypothesized trends and interesting differences between measures. Together, results 
demonstrate the value of utilizing multiple biological measures, particularly functional brain 
imaging, as a means to gain insights into the effects of mindfulness-based practices in young 
children. Additional data and more rigorous study designs are needed to directly associate 
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observed differences with specific mindfulness programs and practices, but data suggest that 
mindfulness practices enhanced attentional and executive control, which in turn supported 
enhanced regulation of the stress response system. This reinforces the view that engagement with 
mindfulness practices by children from low income families could protect and enhance the 
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DESCRIPTION OF THE RESEARCH: Your child is invited to participate in a study on how to measure young
children’s ability to pay attention, manage stress, and control their impulses. The purpose of this study is to see
whether measures used with older children and adults can be used successfully with young children. The study
is called PILOT MEASURES FOR INTERDISCIPLINARY STUDY OF MINDFULNESS IN CHILDREN.
This research is funded by the 2013-2014 Teachers College Provost’s Investment Fund.
The results will help us design a larger study about how children learn and develop. Your child has been
selected for participation either because s/he has engaged in mindfulness activities, OR because your child does
not engage in mindfulness activities, is typically developing, has no history of neurological or other
developmental disorders, and can be a comparison participant in the study.
Your child will be asked to complete an activity on a computer that is like a game. While performing this
activity we will record EEG. This means putting a special net on your child’s head that measures the electrical
activity in their brain while they are playing the computer game. We will also take saliva samples from your
child by swabbing the inside of their mouth. These procedures are non-invasive and do not hurt. We would also
like you to complete an online questionnaire about your child’s behavior.
EEG is a very safe, non-invasive way to measure brain activity while people carry out different tasks. In this
study, we want to learn more about how mindfulness practices affect attention. So we will use our EEG
recording equipment to do that.  Our equipment for measuring brain activity uses a set of 128 sensors,
embedded in small sponges, connected to each other by fine elastic to make a kind of hairnet. The sensor nets
are certified to very high safety standards, and are used worldwide in research and clinical environments,
including with children and even newborn babies.
Where the research takes place
All data collection and analysis takes place in the Neurocognition of Language Lab and the National Center for
Children and Families, located in Thorndike Hall at Teachers College, Columbia University. The research will
be led by a team made up of doctoral students, post-doctoral researchers and research scientists.
What we will ask you and your child to do
We will introduce you to the researchers, show you and your child around the lab, and make sure that you both
feel comfortable and have a chance to ask questions. All members of the research team are trained, experienced
researchers who are happy to answer your questions at any time. We will show your child the EEG recording
equipment and explain what it does. Your child will have a chance to touch the equipment and even play with it
– for example, getting a teddy bear ready to have their brain activity recorded. When your child is comfortable
with the equipment and tells us that he/she is ready to continue, we will provide an iPad for your child to play a
selection of games while we carry out the following steps:
collect a saliva sample using a small swab specifically designed for use with children.
measure your child’s head and select the right-sized sensor net.
soak the sensor net in a warm water solution that contains potassium chloride and a small amount of
baby shampoo. This solution makes the net more comfortable to wear, and also improves its ability to pick




measure and mark the center of your child’s head using a safe, soft, washable crayon.
position the net and adjust the position of each electrode.
connect the net to the amplifier and computers, all of which are protected by multiple hospital-grade
electrical isolation transformers.
measure how well each electrode is positioned to ensure it is making good contact with the scalp. This
involves us passing an extremely tiny electrical current through each electrode – well below what your
child can feel, about the same strength as the electrical field generated by a refrigerator magnet. The
computers read these tiny signals back and give us a reading that shows which electrodes have good
connections. We will work on the electrode positioning until each electrode has a good reading.
When all these steps are complete, the EEG session can begin. You or (if you prefer) another adult will remain
in the room with the child during the EEG session. From outside the room, members of the research team
monitor the participant via video display and can be called into the room using a call button.
The session consists of a practice block, plus three blocks of trials. Each block lasts approximately five minutes.
Between blocks, the researcher will enter the room and check to make sure that you and your child are
comfortable and okay to continue. After the practice block and the second block, we will collect saliva samples.
In total, the EEG session should last no longer than 30 minutes, but it will vary based on the length of the breaks
and the speed at which the child responds to the task. Immediately following the EEG session we will
disconnect and remove the EEG net.
RISKS AND BENEFITS: There is always a risk when you (or your child) agree to participate in research. For
this study, one risk is that your child might get bored and/or tired. We try to reduce this risk by making sure that
your child gets several breaks during the experiment in which they can stretch and by providing games and toys
at appropriate times. We also make sure that you can be with your child at ALL TIMES during the study, so
that he/she is less likely to get bored or worried.
The EEG portion of the study carries a small risk of electric shock, which (because of our stringent safety
precautions) is much smaller than the risk involved in using a toaster, hairdryer or other small domestic
appliance. We use multiple highly-rated circuit breakers and isolation transformers to make sure that anyone
using our equipment is very safe.
There is also a small risk of discomfort or skin infection from having the electrodes applied to the scalp; we
keep this risk very low by taking great care in disinfecting our equipment, and by using sensors which are
embedded in small sponges, so that they are softer and more comfortable to wear.
When we put the electrode net on your child, it is wet, which can be uncomfortable at first; we try to keep the
discomfort to a minimum by using warm water to soak the net, by providing towels to catch any drips, and by
applying the net as quickly as possible.
If at any time you or your child does not wish to continue taking part in the study, we will stop and take a
break. After a while, you and your child might decide to carry on, and that is fine; however, if you or your
child does not want to continue, that will also be fine, and there will be no penalty to you or your child for





There are no direct benefits to you or your child for taking part in this study.
PAYMENTS: Parents will be given $50 at the end of the session to thank you for your time. We will also give a
small gift to your child as well as a Junior Neuroscientist certificate as a thank you from us.
DATA STORAGE TO PROTECT CONFIDENTIALITY: Your privacy is VERY important to us, and we are
extremely careful to protect your identity and that of your child.
Computer files will be stored on password-protected computers that can be accessed only by members of the
research team. Data files are identified by numbers that are assigned separately to each child. The only place
where your child’s name and identifying number will be stored together, is on this consent form. You will be
given a copy of this form to keep, and the only other copy will be stored in a locked filing cabinet in the
laboratory, that can only be accessed by members of the research team.
When we report results from our studies (e.g. at meetings to discuss research, or in professional journals), we
usually report results from many individual children together, as averages. We NEVER use names when
reporting data. We will not have access to your health records or any other identifying information.
Because we ask you to complete the parent survey BEFORE coming to the lab for the first time, we had to ask
for your email address so that we could send you the survey and match the information in the survey to your
child’s other data. Now that your child has been assigned a participant number, we will delete your email
address from the lab email account, and substitute the participant number on the survey record.
TIME INVOLVEMENT: Your participation may take up to two hours, plus travel time. The time may be
longer if your child needs to take breaks during the study.
HOW WILL RESULTS BE USED: The results of the study will be used in professional reports for publication
in journals, and for presentation at professional and academic conferences. We will also use the results of this
research to help us apply for funding that will support future research into mindfulness and attention.
CONSENT: Please sign below if you agree for your child to take part in this study. By signing below, you agree
that you have understood the nature of the study, and what your child will be asked to do, and you agree for
your child to take part. Please feel free to ask any questions if you are not sure. We will also speak with your





I agree that my child ________________________________________[Child’s Name] can take part in the study
entitled Pilot Measures for Interdisciplinary Study of Mindfulness in Children.
I have had an opportunity to ask questions about the study, and I understand what is involved.
Signed: (Parent/Guardian signature) _________________________________________
Date (mm/dd/yyyy): _______//_______//_________






Principal Investigators:  Trey Avery, Ph.D Candidate; Karen Froud, PhD; Jeanne Brooks-Gunn, PhD
Research Title: Pilot Measures for Interdisciplinary Study of Mindfulness in Children
I have read and discussed the Research Description with the researcher. I have had the opportunity to ask
questions about the purposes and procedures regarding this study.
 
My participation in research is voluntary. I may refuse to participate or withdraw from participation at any time
without jeopardy to future medical care, employment, student status or other entitlements.
The researcher may withdraw me from the research at his/her professional discretion.
If, during the course of the study, significant new information that has been developed becomes available which
may relate to my willingness to continue to participate, the investigator will provide this information to me.
Any information derived from the research project that personally identifies me will not be voluntarily released
or disclosed without my separate consent, except as specifically required by law.
If at any time I have any questions regarding the research or my participation, I can contact Dr. Anne Martin, a
study investigator who will answer any questions. Her phone number is (212) 678-3479 and her email is
arm53@columbia.edu.
If at any time I have comments, or concerns regarding the conduct of the research or questions about my rights
as a research subject, I should contact the Teachers College, Columbia University Institutional Review Board
/IRB. The phone number for the IRB is (212) 678-4105. Or, I can write to the IRB at Teachers College,
Columbia University, 525 W. 120th Street, New York, NY, 10027, Box 151.
I should receive a copy of the Research Description and this Participant's Rights document.
My signature means that I agree for my child to participate in this study.
Parent's signature: ______________________________________ Date:____/____/____
Parent’s name: _________________________________________






Investigator's Verification of Explanation and Asset for Child Participant aged 5-8 years
I certify that I have carefully explained the purpose and nature of this research to
__________________________________ [Print Child’s name] in age-appropriate language.
He/She has had the opportunity to discuss it with me in detail. I have answered all his/her questions and he/she
provided the affirmative agreement (i.e. assent) to participate in this research.











New York, NY  10007
May 19, 2015
Dr. Jeanne Brooks-Gunn
National Center for Children and Families
Teachers College, Columbia University
525 West 120th St., Box 39, 254 Thorndike Hall
New York, NY  10027
Dear Dr.  Brooks-Gunn:
I am happy to inform you that the New York City Department of Education Institutional 
Review Board (NYCDOE IRB) has approved your research proposal, “Recruitment: 
Interdisciplinary Study of Mindfulness in Children.” The NYCDOE IRB has assigned 
your study the file number of 1000.  Please make certain that all correspondence 
regarding this project references this number. The  IRB has determined that the study 
poses minimal risk to participants.  The approval is for a period of one year:
Approval Date: May 20, 2015
Expiration Date: May 19, 2016
Responsibilities of Principal Investigators: Please find below a list of responsibilities 
of Principal Investigators who have DOE IRB approval to conduct research in New York 
City public schools.
• Approval by this office does not guarantee access to any particular school, individual 
or data.  You are responsible for making appropriate contacts and getting the 
required permissions and consents before initiating the study.  
• When requesting permission to conduct research, submit a letter to the school 
principal summarizing your research design and methodology along with this IRB 
Approval letter.  Each principal agreeing to participate must sign the enclosed 
Approval to Conduct Research in Schools/Districts form.  A completed and signed 
form for every school included in your research must be emailed to 
IRB@schools.nyc.gov . Principals may also ask you to show them the receipt issued 
by the NYC Department of Education at the time of your fingerprinting.
• You are responsible for ensuring that all researchers on your team conducting 
research in NYC public schools are fingerprinted by the NYC Department of 
Education.  Please note:  This rule applies to all research in schools conducted with 
students and/or staff.  See the attached fingerprinting materials.  For additional 
information click here.  Fingerprinting staff will ask you for your identification and 
social security number and for your DOE IRB approval letter. You must be 
fingerprinted during the school year in which the letter is issued.    Researchers who 
join the study team after the inception of the research must also be fingerprinted.  
Please provide a list of their names and social security numbers to the NYC 
Department of Education Research and Policy Support Group for tracking their 
eligibility and security clearance.  The cost of fingerprinting is $130. A copy of the 
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• You are responsible for ensuring that the research is conducted in accordance with 
your research proposal as approved by the DOE IRB and for the actions of all co-
investigators and research staff involved with the research.  
• You are responsible for informing all participants (e.g., administrators, teachers, 
parents, and students) that their participation is strictly voluntary and that there are 
no consequences for non-participation or withdrawal at any time during the study.  
• Researchers must:  use the consent forms approved by the DOE IRB; provide all 
research subjects with copies of their signed forms; maintain signed forms in a 
secure place for a period of at least three years after study completion; and destroy 
the forms in accordance with the data disposal plan approved by the IRB.
Mandatory Reporting to the IRB:  The principal investigator must report to the 
Research and Policy Support Group, within five business days, any serious problem, 
adverse effect, or outcome that occurs with frequency or degree of severity greater than 
that anticipated.  In addition, the principal investigator must report any event or series of 
events that prompt the temporary or permanent suspension of a research project involving 
human subjects or any deviations from the approved protocol.
Amendments/Modifications:  All amendments/modification of protocols involving 
human subjects must have prior IRB approval, except those involving the prevention of 
immediate harm to a subject, which must be reported within 24 hours to the NYC 
Department of Education IRB.
Continuation of your research: It is your responsibility to insure that an application for 
continuing review approval is submitted six weeks before the expiration date noted 
above.  If you do not receive approval before the expiration date, all study activities must 
stop until you receive a new approval letter.  
Research findings:  We require a copy of the report of findings from the research.  
Interim reports may also be requested for multi-year studies.  Your report should not 
include identification of the superintendency, district, any school, student, or staff 
member. Please send an electronic copy of the final report to: irb@schools.nyc.gov.
If you have any questions, please contact Dr. Mary Mattis at 212.374.3913.
Good luck with your research.
Sincerely,
Mary C. Mattis, PhD
Director, Institutional Review Board
cc:  Barbara Dworkowitz
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AT TENTION & 
MINDFULNESS 
PRACTICES
This project aims to evaluate 
children’s ability to pay attention, 
manage stress, and control impulses 
using a combination of biological and 
behavioral measures including 
electroencephalography (EEG), a 
minimally-invasive form of functional 
brain imaging, biomarkers of stress 
found in saliva and parental surveys. $!
The goal of the research is to 
determine which measures are most 
useful in measuring small differences 
in developing children and in 
measuring the effects of mindfulness 
programs and activities. !!
The principal investigators for this 
study are: Dr. Jeanne Brooks-Gunn &  
Dr. Karen Froud, leading researchers 
in child development and 
neuroscience. The research team are 
all trained EEG researchers with 
extensive experience working with 
children and adults.$!!!
The Teachers College Institutional 
Review Board (IRB)  
has approved this study. $
IRB protocol number 14-205. $
ncllab@tc.columbia.edu 
(212) 678-8169
C O N TAC T 
I N F O R M AT I O N
If you have any questions related to 
the study or your child’s eligibility 
you can contact the research team
Neurocognition of Language Lab 
www.tc.edu/neurocog 
!
National Center for Children & Families 
www.policyforchildren.org
Teachers College is located on the Upper 
West Side of Manhattan on 120th Street 
between Broadway and Amsterdam 
Avenue. (525 W.120th Street, NY, NY 
10023), adjacent to the Columbia 
University Morningside Campus.  
 
The College is easily accessible by subway 
or car. Once you are enrolled in the study 
we will provide more detailed 
transportation information.
A multidisciplinary collaboration of the 
Neurocognition of Language Lab 
(www.tc.edu/neurocog) and the 
National Center for Children & 
Families (www.policyforchildren.org) at
!!!!!!!!!!!!!!!!!!!!!!
Time Commitment  
 
Approximately 2 hours,  
including some break time. $
What will I / my child be asked to do? 
 
Orientation: We will begin by introducing 
you and your child to the research team 
and the lab equipment.$
The Experiment: Your child will be given a 
basic vision screening. We will collect the 
first of four saliva samples by asking your 
child to put an absorbent swab under their 
tongue. We will place a net of EEG sensors 
soaked in a saline solution on your child’s 
head. Your child might be nervous about 
the having the EEG net on his/her head. 
We emphasize that it doesn’t hurt and we 
take steps to make your child as 
comfortable as possible during all parts of 
the experiment.  $!
With the EEG net on, your child will 
complete a computerized task (pictured, 
below) that assesses their attention while 
we record his/her brain activity. The task 
will be presented in 7 minute blocks with 
breaks in between. Your child may become 
bored with the task, but we will offer 
incentives and encouragement to help your 
child complete the task. $!
Parental Questionnaire: While your child 
is completing the EEG task we will ask you 
to complete a computerized survey about 
your child that will take approximately 15 
minutes.
Benefits of Participation /  
Travel Reimbursement 
 
There are no direct benefits to you or your 
child for taking part in this study.  
We provide reimbursement for your time 
and travel costs of $50, and each child who 
completes the experimental activities will 
receive a toy and a special Junior 
Neuroscientist certificate.$!
Potential risks of participation and 
how we protect your child 
 
There is always a risk in taking part in 
research. For this study, we use the safest 
methods available for measuring brain 
activity. Our equipment is safety-rated to 
worldwide standards and is often used on 
small children, even newborns. We keep our 
equipment very clean, and use hospital 
standards to disinfect and maintain 
equipment. Your child might find the net a 
bit uncomfortable at first, but we are very 
experienced in working with children and 
we know that they usually adjust very well. 
Your child might find some of the tasks 
boring, so we build in breaks for games and 
snacks, and will allow you to be present 
with your child the whole time.$!
Privacy Protections 
 
We take the privacy of you and your child 
very seriously. Your child will be assigned a 
code number and all data will use ONLY 
the number. We store information in locked 
file cabinets and on secured computers and 






About the Research Study  
 
This unique project aims to 
evaluate children’s ability to pay 
attention, manage stress, and 
control impulses using a 
combination of biological and 
behavioral measures including 
EEG, a safe and minimally 
invasive form of functional brain 
imaging, biomarkers of stress 
found in saliva and parental 
surveys.  
This study is an interdisciplinary 
collaboration of the  
Neurocognition of Language Lab 
(www.tc.edu/neurocog) and the  
National Center for Children & Families 
(www.policyforchildren.org) at  

















Kids Ages 5-6 Needed for Research Study  
of Attention, Stress & Mindfulness
The Teachers College Institutional 
Review Board (IRB) has approved this 
study.  IRB protocol number 14-205. 
Interested in Participating?  
 
Participation requires a 2 hour visit to the 
Neurocognition of Language Lab at 
Teachers College, Columbia University. 
 
You will be paid $50 and your child will 
receive a small gift and a “Junior 
Neuroscientist” certificate. 





































































































The following figures show responses from the 89 individuals that completed (or partially 
completed – 20 responses were incomplete) the online participant screener for the study as a pre-
requisite for enrolling. The responses shown relate to exclusion criteria. Handedness (10), 
bilingual or non-native English speakers (22), asthma and use of related corticosteroid-based 
medication (15) or other disorders that could confound EEG or saliva data (15) were the largest 













The table below shows basic demographic data for all participant. All participants were right 
handed and fluent in English. Children diagnosed with specific medical conditions (such as 
attention deficits, epilepsy, and others mentioned below) or any history of brain injury were 
excluded from participation in the current study (summarized in figures above). 
 
Group Gender Age Income Mom Ed # Adults # Kids 
Comparison Male 5 $42,000 Associate 1 2 
Comparison Female 5 $100,000 Graduate 2 1 
Comparison Female 6 $100,000 Graduate 2 1 
Comparison Male 5 $100,000 Graduate 2 2 
Comparison Female 5 $50,000 High School 2 1 
Comparison Female 6 $28,000 Graduate 2 1 
Comparison Male 5 $30,000 High School 2 2 
Comparison Female 7 $30,000 High School 2 2 
Comparison Male 5 $200,000 Graduate 4 2 
       
Mean  5.4444 $75,556  2.11 1.56 
Std Dev  0.7265 $56,425  0.7817 0.5270 
Group Gender Age Income Mom Ed # Adults # Kids 
Mindful Female 6 $20,000 Bachelor 2 0 
Mindful Female 6 $50,000 Associate 2 4 
Mindful Female 6 $50,000 Associate 2 4 
Mindful Female 5 $90,000 Bachelor 2 2 
Mindful Female 5 $50,000 Associate 3 0 
Mindful Female 6 $90,000 Graduate 2 1 
Mindful Female 6 $10,140 High School 1 2 
Mindful Female 6 $60,000 High School 2 0 
Mindful Female 6 $48,000 Bachelor 2 2 
       
Mean  5.7778 $52016  2.00 1.67 
Std Dev  0.4410 $26824  0.5000 1.5811 
 
